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. This treatise is intended to give, in a concise form, 
an explanation of some of the contrivances used in 

(the Engineer's Workshop. The recent establishment 
of Scholarships, to which the name of Sir Joseph 
Whitworth, Bart., is so nobly attached, having, it 
is thought, rendered the present work necessary as 
an aid to those who intend to offer themselves as 
[.. Candidates for this honourable distinction. 

The student, in making himself familiar with the 
appliances described, will but be following in the 
steps of many of our most eminent civil engineers, 
some of whom have made improvements in me- 
dianism, upon which, however trivial they may 
y appear in themselves, has depended the success 
If of the most brilliant of their achievements. 

To the workman, many of the explanations which 
' book contains may indeed be superftuoMS \ W\. 
'v&T'increasing demands for greater aLecuxsiCV m 



Preface. 

his handicraft render it very desirable that he should 
have the means of acquainting himself with the 
present methods of obtaining delicate measurements 
a subject upon which it has hitherto been difficult for 
him to obtain information. 

The thanks of the Author are due to Sir Joseph 
Whitworth ; also to Messrs. Sharp, Stewart, & Co. 
of Manchester; to Messrs. Shepherd, Hill, & Co., 
and to Messrs. Fairbairn, Kennedy, & Co., of Leeds ; 
to Messrs. Tangye Brothers, of London, and to Mr^ 
J. J. Bagshawe, of the Thames Steel Works, Sheffieltjj 
for their liberality in supplying photographs &c., 
from which many of our illustrations are taken. He 
is also greatly indebted to his friend Mr. A. L: New- 
digate, for so kindly rendering his valuable assistance 
and co-operation during the progress of the work. 

M3 Vicloria Stieet, Wcatmiiistcr. 
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I MEASURES OF LENGTH, 



I METHODS OF MEASURINI 



! than two hundred and fifty years ago the greatest 

jln^ish writer onphilosophical subjects, wishing ' to quicken 

e industry and rouse and kindle the zeal of others,' ex- 

d himself as follows ; — ' The introduction of famous 

Mveries appears to hold by far the first place among human 

±ions; and this was the judgment of former ages. For to the 

1 of inventions they awarded divine honours, while 

ie who did good service in the State (such as founders 

[ cities and empires, legislators, saviours of their country 

g endured quarrels, quellers of tyrannies, and the 

, they decreed no higher honours than heroic. And 

inly if a man rightly compare the two, he \vill find that 

i judgment of antiquity was just. For the benefits of 

xjveries naay extend to the whole race of man — civil 

its only to particular places ; the latter last not beyond 

r ages, the former through all time. Moreover, the 

formation of a Slate in civil matters is seldom brought in 

thout violence and confusion : but discoveries carry 

ings with them, and confer benefits, ■rn'OaaiA c.^ks«m|, 

row to any.' 
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With respect, however, to the motives of the inWS 
to whom these high honours should be accorded, 
Bacon adds : ' Further, it will not be amiss to distinguish the 
three kinds, and as it were grades, of ambition in mankind. 
The first is of those who desire to extend their own power it 
their native country ; which kind is vulgar and degenerate, 
The second is of those who labour to extend the power 0( 
their country and its dominion among men. This certainly laa. 
more dignity, though not less covetousness. But if a maa dr 
deavour to establisli and extend the power and dominiofl of 
tiie human race over the universe, his ambition (if ambition 
it can be called) is without doubt both a more wholesome 
thing and a more noble than the other two. Now the 
empire of man over things depends wholly on the arts and 
sciences. For we cannot command nature except by obey 
ingher.'* 

Rarely, indeed, are our inventors actuated by this highest 
form of ambition at the present day ; but, whatever may 
have been their motives, we cannot deny that they have 
been in a high degree successful in extending the power 
of their country. Where, for example, should we now 
be in the application of steam-power, if the capabilities 
of our workshops did not exceed those of the days of 
Newcomen — or even of Watt ? Where would be our naval 
strength, or even our ability to defend our shores, if the 
increased size and precision of our arriliery had not beer 
rendered possible by the previous introduction of the steam 
hammer and the power-lathe ? So that, without fti the least 
desiring to detract from the fame of the individuals to whonl 
we owe the inventions, or the series of inventions, by which 
each cmde idea has been gradually brought to comparative 
perfection, we cannot but consider that their fellow-labourers 
— who, by the introduction of the appliances known ab 
'machine tools,' &c., have rendered feasible the carrying out 



' A^vum Organum 
gddijig'a Imulation. 



lib. i. 



I. CKxix, Quoted from Ellis uid 
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P^B their suggestions, and the performance of operations 
:wliich before were utterly impracticable— have strong claims 
to a share in the credit. 

Under this aspect, then, the workshop appliances which 
form the principal subject of the present volume will be 
seen to possess more than a mere technical interest, inasmuch 
as the mechanical superiority which lies at the root of our 
commercial prosperity, is to a great extent dependent upon 
them. It may be worth while, therefore, to pause for a 
moment, and consider in the first place whetlier we can 
assign their present state of efficiency to any particular 
cause or causes ; and secondly, whether any one direction 
seems to be more marked out than another for future pro- 
gress — for who will say that there is no room for further 
improvement, or question the necessity for continued efforts, 
if we desire to maintain the lead in competition with our 
neighbours ? 

With regard then, in the first place, to the sources and the 
limits of our present powers in the execution of metal work, 
we shall perhaps best appreciate our own position in 'his 
respect by calling to mind the obstacles which hampered 
the progress of the early millwrights. These were chiefly 
the want of appliances for treating any large portions of 
work, on account of their mere size, and the inability to pro- 
duce true cylindrical or flat surfaces even in work of mode- 
rate dimensions. Of these, the former has now altogether 
P ce ased to be regarded as an impediment, the steam-hammer 
^^Habling ub to forge, and our Herculean power-lathes and 
^^^Ker machines rendering it an easy operation to give the 
^^^Bius'ite accuracy of form to the very largest masses which 
^^^D£.as yet been required in the arts of either peace or war. 
^^^BF indeed does the lunit m this direction seem to be other- 
^^^■e than capable of indefinite extension For the ac- 
^^^■ate performance, and indeed for the existence of our 
^^^Ejthine-iools, both large and smaW, anA con?,et\viCT\^\-^ tot 
^^^kejKwinoiis/j' increased fauhties toi giwn^Xo-sjQ'iV. cS,3&- 
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sizes the requisite truth of form, we are indebted to the 
invention of the slide-rest and the planing-machine ; — 
or rather to the introduction of the pHnciplt of the tiii&, 
upon which they both depend. Tlie application of this 
principle, then, seems to have been the turning-point in 
our mechanical career, from which the rapid strides whidi 
we have made of late years may be said to have commenced. 
Xot only has it given us the various forms of self-acting 
lathe, the planing, shaping, slotting, and other machines 
which have become absolute necessities in our workshops, 
but, above all, it has made it possible to increase the dimen- 
sions of our work — by increasing the size of the tools in 
which it is treated — to an extent to which at present we have 
found no limit 

The slide principle consists merely in so forming two ad- 
jacent plates or other portions of a machine, that one of 
them can slide freely upoji the other in one direction only — 
no Other motion between them being possible. Can anything 
be more simple ? Vet simple though it be in conception, and 
various as are the forms of sliding-joint by which these -re- 
quirements may be fulfilled, its embodiment in a practical 
shape demands a very high degree of manipulative skill, as 
the reader will have no difficulty in realising when, for in- 
stance, the slide-rest is placed before him. Here he will 
a structure, formed by building up a series of slides, one 
upon another, each of which must be incapable of receiving 
any except its own proper motion ; since the slightest un- 
steadiness would be communicated to the tool supported 
on its summit, and would render the whole instrument 
useless. The greatest care therefore becomes necessary to 
ensure perfect parallelism and exact agreement between the 
surfaces which are in contact. So great indeed does this 
necessity become in the larger and more powerful tools, 
that it is probable that their production would have con- 
> tinued to be beyond our powers even to the present day, 
t for the improved process ftrsl \ivU(iittc.fcft Wi y'*'^^'"^ 
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e by Sir Joseph 'WhitH'orth m the year 1840 — by whidi 

tfonnationoftrueplane surfaces has been rendered possible. 

ISIight though the connection ' may at first sight appear to 

L we believe that this improvement provides us with the 

Kt prpbable answer to our second enquiry. Since the 

ie plane (or at least a very dose approximation to it) has 

a reality, increased accuracy has gradually extended 

to all branches of the mechanical arts in which true surfaces 

are required. This is of itself an advantage, whiclj lias been, 

and will undoubtedly continue to be, attended with increasing 

refits ; but its own importance will in all likelihood prove 

Kindaiy to that to be derived from the admirable system 

■ measurement which has more recently been devised and 

fought to a high state of perfection by the same master of 

rseverance. 

success of this principle,— which consists in, as it 
re, magnifying minute quantities by raeclianical instead of 
t optica! means, as explained hereafter, — the production of 
e plane has to so great an extent conduced, that with- 
it there is no doubt that its application would have 
n impracticable. As it is, the measuring machines in ques- 
Q constitute, in their most delicate foon, the most beautifiji 
ichanical appliance of our time, and are of the highest 
e for scientific purposes, — whilst those of more humble 
neers supply us with the means of obtaining measurements 
1 amount of precision which at present far exceeds 
f workshop requirements. That these requirements will 
france as the benefits derivable from increased attention to 
]s and the abandonment of haphazard fitting — that 
juperable barrier to the economical production of a high 
itss of work — become more 
t finpi belief; and we look 
e kind of efficient me.isi 
Higes can be checked and 
menshns can he ensured, 
Ao£ tbe siodt-j'n-tiade of 
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I, then, of the great and increasing itnporlf 
; measurement, we propose to devote the presenl: 
chapter to noticing some of \he measuring instruments which 
are now in use in mechanical workshops, together with a few 
of the more delicate appliances which may in some cases 1)6 
substituted for them with advantage, or in others be' 
employed for their correction and adjustment. 

The necessity for some Standard, or Unit of Length, 
appears to have been recognised from the earliest times ; but 
until the seventeenth century— at about the commencement 
of which some demand for increased accuracy seems to have 
sprung up — various natural objects served the purpose 
sufficiently well. Many of the names which survive to the 
present day show the origin of the measures to which they 
are applied. Thus we use ihe ' foot,' the ' hand,' and the 
'nail' for the expression of various small dimensions; 
whilst the 'cubit ' (or forearm) and the ' [)ace ' — though the 
former is not to be met with now — have in past times served 
to express somewhat greater ones, it was doubtless an ad- 
vantage to makeuse of units, with duplicates of which eveiy 
workman or trader was provided ; but inasmuch as they all 
vary to a great extent in different individuals, they could 
obviously only be used for measurements of the roughest 
description. Attempts were made long ago in this country 
to secure one permanent unit, or standard of length, and 
although they have been successfti! as far as commer- 
cial and other practical ends are concerned, the history of 
our endeavours to obtain one sufficiently invariable for 
scientific purposes is a standing example of the uncertainty 
of human undertakinrrs. 

Some of the old statutes enact that three barley-corns, 
round and dry, make an inch, twelve inches a foot, three 
feet a yard, &c.. and there seems to be no doubt that this 
L mode of obtaining the standard was actually resorted to. 
ft/4 setting aside the objection due to the vm^w^ sUes of 
dividual grains — unless the aveia^e hom a. vct«j \ai't«- 



British Standard of Length. 7 

mber of ihem be taken — it ia so difficult to know how 
nich of the sharp end of a grain of barley luust be removed 
B order to make it 'round,' that the definition is not of 
tiiuch value. Nevertheless, in spite of numerous attempts 
at legislation on die subject, this, down to the year 1824, 
was the only process by which the standard yard of this 
country could, if lost, be legally recovered. 

In the year 1742, when the Royal Society took the matter 
in hand, there were several standards of length in existence, 
which, although they were not recognised by law, served the 
purpose of approximately regulating the measures used for 
commerciai and other puqioses. A careful comparison 
made by order of the Royal Society showed considerable 
variation between them ; so from the most reliable of them 
i clever mechanician named Graham (to whom we owe the 
rcurial pendulum, and several other improvements in 
';s and watches) was employed by that Society to mark 
^the trae length of a yard upon a brass rod. From this 
the first standard worthy of the name — a Parliamentary 
tommittee caused a copy to be made in the year 1758 by 
^ optician named Bird, who was also afterwards employed 
p make a second copy, 'i'hese two standards were duly 
the hands of the Speaker of the House of 
i, but a Bill to constitute the first of them the 
ional standard was not carried ; so there they remained. 
mother Committee appointed in 1790 did nothing, and the 
latter was then shelved tiO the year 1814. 

During this interval, however, not only did several private 
idividuals and learned societies provide themselves with 
indards, but scientific men turned their attention to devis- 
\ means for the recovery of the national standard — if it 
;rbe lost or destroyed. Accordingly a Committee 
b8t4, after recommending the adoption of Bird's standards, 
d the British yard as consisting of thirty-six incKea, — 
llen^th of apenduliim making 0T\e\\bTa.uc.w^ex^eK.<stA. 
^^■jj04/ ofsuch inches. In 1819 a Com.-tax^\o^ '^'^^ 
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appointed by the Prince Regent, which in that and the two 
following years presented three Reports. In the first Report 
the length of tlie seconds' pendulum, and also the weight of a 
cubic inch of distilled water, were stated ; but in the second 
and third Reports respectively both of them were altered, — 
the former to 39-13929 inches, the latter to asz'4S8 giaiiiS, 
—under certain sUied conditions. These Reports resulted 
in the Act of 1824, by which Bird's standard of 1760 was 
at length legalised. 

Only ten years after this, in 1834, the fire occurred which 
destroyed the Houses of Parliament, and with them both of 
Bird's standards ; so the country again found itself without 
an authorised copy of its standard of length. It might 
naturally be supposed that recourse would at once be had to 
the pendulum, and that the easy and speedy restoration of 
the lost standard would be the result. But this was not Ae 
case ; and a Treasury Commission appointed in 1838 
declined to recommend that method, serious sources of 
error in the former experiments having been subsequently 
discovered. Fortunately, however, the Royal Astronomical 
Society had, only two years before the destruction of the 
Houses of Parliament, caused a standard to be made for 
its own use, and this had been most carefully compared 
with the Parliamentary standards. From it, therefore, taken 
in conjunction with other reUable copies, the Commissioners 
(whose Report was presented in 1841) recommended that 
accurate Parliamentary copies be made, by the careful pre- 
servation of which the true length of the British yard should 
be perpetuated, in preference to depending upon experi- 
ments for obtaining it from any natural constants whatso- 

Acting on this Report, the Government appointed a Com- 
mittee to carry out the recommendations contained in it, 
under which was commenced a series of experiments and 
investigations which are almost, if not altogether, without 
parallel for the caie and perseverance Watowci m-^svg ■&!.«&. ., 
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p ■3'hose conrected with the restoration of the standard oi length 
—with which aJone we have to deal— were begun by Mr.Baily 
Mto whose assiduity the Astronomical Society owed its stand- 
3), and after his death in 1S44 were carried on by Mr.Sheep- 
lanks. The delicacy of their operations may be gathered 
1 the fact that a change of temperature of only one- 
iundredlh part of one of Fahrenheit's degrees was found to 
produce a sensible effect in the length of a bar; a quantity 
which at that time no thermometers in the country were 
capable of registering. Therefore, in addition to accurate 
determinations of the rate of expansion in different metals, 
careful comparisons of the most trustworthy copies of the 
standard, and many other points to which time had to be 
devoted, new thermometers of immensely increased accuracy 
had to be devised and constructed. To this arduous task 
Mr. Sheepshanks gratuitously devoted the last eleven years 
of his life, dying on the very eve of its completion, in 1855. 
What remained to be done was undertaken by Mr. (now Sir 
George) Airy, the present Astronomer Royal, to whose 
Memoir in the 'Philosophical Transactions " for 1857 the 
reader who is interested in the subject will do well to refer 
for further details of the work. 

The result of their joint labours was the adoption of two 
of the existing copies of the lost standard, one of whichwas 
henceforward to be regarded as the standard. From this 
four ' Parliamentary copies' were made, of which No. i 
was deposited in the Royal Mint, No. 2 in the keeping of 
the Roya! Society, No. 3 in the Royal Observatory at 
Greenwich, and No. 4 was immured in the lower waiting 
hall of the Houses of Parliament* In form they are all 

• RecBnl alterations at the Houses of Parliament have rfoidered 
necessary the removal of this Parliaraeutary copy, together with those 
of the Stamlards of Weight, he, which were immured with il ; the 
wall in which they were originally placed having been ^\3.Uc4 fttr»ni«i 
order to fiirrn an etilmnce to the refreshmeM looits. ttaft T»mei \j 
tSfi) stales that :— ' On the itiv ot ^M<ii . - - ■* 
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solid bronze bars, i incli square, each being 38 iochea^l 
Near the ends of each bar there are two holes, in which i 
inserted gold plugs with fine lines engraved upon thei 
faces, which lines are exactly one yard apart, at a certain 
stated temperature. An Act legalising them was passed in 
185s, since which date — despite the efforts which have been 
made in this country to implant the nifetre with its decimal 
system— these bars have continued to be die only 1 
source from which all our measures Spring, and the real 
safeguard against the loss of our national unit, the British ' 
yard. 

In addition to the length of the seconds' pendulum, 

. other natural standards have from time to time been prtv 
posed. Such are, the velocity of light, the length of a 

■ undulation of a ray of light of definite lefrangibility (neither 
of which are practically available), and various dimensions 
of the earth itself. One of these has been adopted by the 

I French, whose unit of length, the m^tre, professes to be one 
ten-miilionth part of a line drawn on the surface of the globe 
from the pole to the equator. The length of this line was 
deduced from measiiremems of the arc of the meridian be- 
tween Dunkirk and Barcelona. The result of these measure- 
ments, which were commenced in 1792, has since been 
found to be incorrect by an appreciable quantity, and the 
length of the m^tre, if once lost, could with no greater cer- 
tainty be recovered from any natural standard tiian can the 
British yard. Consequently the decree passed by the French 
Republic in 1 795 wisely defined the mfetre to be the distance 
between the ends of a standard bar of platinum, without 
reference to the source from which it had been derived. 
Borda determined i.ie exart relation which the length of this 
bar bears to that of a pendulum vibrating seconds in the 
kititude of Paris, but the true safeguard against the loss of 

darda were deposite'l in their new resting-place in the wall on the . 
I hand siJe of the second landing of the public staircase, leading 
mlheJowN waiticg-hall up to tlie Coraroona' CoroimW 
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the French, as of the English standard, lies in the presenra- 
lion of accurate copies of the bar by which it is represented. 
The length of the standard rnfetre is 39*37079 British 
inches, which for practical pijrposes may be easily remem- 
bered as thr^ fed three inches and three eighths of an inch, 
this being only '00421 (about ■^) of an inch in excess, 
which is a quantity quite inappreciable in any ordinary 
measurements. Some further information concerning the 
French standard, and the connection which exists between 
the units of length, capacity, and weight in the metric system, 
will be found in the volume of this series on ' Heat,' by 
Professor J, Clerk Maxwell, and also in that on ' Inoi^anic 
Chemistty,' by the late Doctor W. A. Miller. \Vhere large 
numbers of weights or measurements have to be converted 
from the metric to the British system, or vice versS., time 
and trouble may be saved by laying down contiguous scales 
if equal parts, bearing the proper proportion to each other 
1 the principle of the 'Metric Scales,' by Mr. A- L. 
iwdigate, recently published. 

Ill has been proposed by Sir John Herschel to adopt the 
h's polar axis as a fundamental unit of length. For this 
might be considered to contain 500,500,000 (five 
Hidred million five hundred thousand) British inches. 
It more than 81 yards (about iTirVmr) "* excess 
fits true length. 

Bin the restoration of the standard yard, the means em- 
pyed for delecting the minute differences of length which 
1 to be dealt with, consisted of a pair of microscopes at- 
fflied to a perfecfly firm foundation, in the focus of each of 
Bich were placed two intersecting cross-hairs. A slow tra-. 
tsing motion could be given by means of a micrometer 
rw, the head of which was so divided that each graduation 
presented a movement of one twenty-thousandth part of an 
inch. The comparison of two standard or other scales was 
effected by accurately adjusting the points of vcvtw^&Ctt.o'cv cS. 
.'■^^ cross-Asirs over the lines engraved Ytpoiv Qtva cS- "fipfe 
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scales, then replacing it by the second scale and t _ 

justing the micrometer screw, the graduations on the hcB 
gf which registered the difference in the length of the scales. 
This method is known as ' line ' measure, or mesure i 
traits, in contradistinction to mesure d bouts, i 

In the former, as we have just stated, the length is 
given by the distance between two fine transverse lines 
drawn upon the standard bar, and it is read by the aid of 
micrometer microscopes ; in the latter it is given by the 
distance between the ends of the bar itself, which is placed 
n actual contact with the instrument by which it is measured. 
, Sir Joseph Whitworth has shown that for this purpose the 
e of touch is much more reliable than the sense of sight, 
1 inasmuch as minute distances can be enlarged with much 
greater certainty by mechanical than by optical means. On 
this principle he has constructed machines capable of detect- 
a difference of one-millionth part of an inch in the length 
of two bars ; and he considers that with the assistance of 
these there would be no difficulty in producing any required 
number of copies of the Parliamentary Standard, each one 
of which would be quite sufficiently accurate for all ordinary 
purposes of reference, so that the wear and risk of injury to 
;he original standard would be reduced to a minimum. 

Through the courtesy of the inventor we are able to givfl 
m engraving of one of these machines, the explanation of 
which cannot fail to interest the reader. It must be borne 
nind that its object is not to make an original measure- 
ment of the total length of any bar, but to compare it in the 
most accurate manner possible with a nearly similar standard 
bar of which the exact length is known, and record, to the 
millionth part of an inch, any difference which may exist 
between them. The particular machine here represented is 
istructed to receive a bar only one inch long ; but one 
made upon a precisely similar principle, which was capable 
of taking in a bar forty inches in length, was shown in the 
Great Exhibition of 1851, and obtained for Sir Joseph Whit- 
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worth the award of the Council Medal. Another machine 
for ' end ' measurement was also exhibited there by the 
Prussian astronomer Bessel. 

The appearance of the instrument will be evident from the 
General View which stands at the head of the following page, 
whilst the outline Plan, Section, and End Elevation below 
will explain its construction — the same parts being indicated 
by the same reference letters In all of them, A standard one- 
inch bar (D) is there shown in position for being measured — 
or rather for being compared with some other bar. A rigid 
mass of cast iron (A) forms the bed of the machine, die 
casting being carried up at each end so as to form two head- 
stocks. Running from one of these headstocks to the other is 
a V-shaped groove, in which the square bars B and C are laid, 
and which also receives the standard or other bar (D), of 
which the length is to be tested. The sides of the groove, 
and also those of the bars {which are square in section), are 
worked up as truly plane as possible, and are kept accurately 
at righr angles to each other, so that, upon whichever sides 
ihe bars may rest, they are capable of sliding smoothly and 
with perfect steadiness in the groove. Their ends also are 
carefaUy made square to their sides, and are brought to 
true planes; one extremity of each, in the case of B and C, 
^ffiod both extremities of D, being turned down, so as to 
Hmsentdrcular instead of square faces, Through each head- 
^feclcruns.an accurately pitched micrometer screw, by which 
^Kind C can be driven forwards along the groove ; as may be 
Unserved in the left-hand portion of the Plan, in which the 
^Bddle by which B is protected and partially concealed, when 
^Be machine is in use, has been removed. The screw on 
^Ks side, which has exactly 20 threads to the inch, is made 
^W advance or recede by turning the wheel F, the circum- 
^Ej^ce of which is divided into 250 parts. Consequently, 
^B ttiming the wheel fonvards through one division, the bar 

^^^. moved through 1 x — = one live- thousandth of sa 
^■^^^ 20 250 
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The other screw, which hkewise has 20 threads to 
the inch, is driven by a worm-wheel of 200 teeth, into which 
gears a tan gent- screw, H, having fixed upon its stem the 
graduated wheel G. The circumference of this wheel being 
also divided into 250 parts, a movemetit through one divi- 
sion corresponds to a traverse of — x — x — = one- 
millionth of an inch on the part of the bar C. Fixed 
pointers enable the exact distance through which either of 
the wheels F or G is moved, to be read off, so that we have 
thus the means of detecting this extremely minute difference 
in the length of any bars, — if, at least, we can fulfil the im- 
portant condition of causing the micrometer screws to exert 
a perfectly equal pressure in every case. The arrange- 
ment by which this equality of pressiu-e is secured is one 
of very great simplicity and beauty. Between one ex- 
tremity of the bar under comparison and the sliding bar, a 
small steel plate with truly plane and parallel sides is in- 
troduced. This plate is called the 'feeler' or 'gravity 
piece,' and its ends {E E) are drawn out so as to rest upon 
two supports fixed upon the sides of the bed. When little 
or no jiressure is exerted upon the bar D, the feeler, if one 
of its ends be momentarily raised from the support, falls 
back again by its own weight ; when, on the other hand, 
the pressure is at all considerable, it is either incapable of 
being raised without violence, or when lifted, does not return ; 
the friction, in fact, between its own plane surfaces and those 
of the bars between which it is placed forming a delicate 
measure of the pressure to which they are subjected. When 
this pressure is just sufficient to keep the feeler from faihng 
by its own weight, without interfering with its perfectly free 
motion when touched, the correct adjustment has been given 
to the instnnnent. 

Suppose now that a proposed duplicate is to be compared 
with a standard one-inch bar. The standMi 1^"^ 5i.-ni. " 
.jfeg/er (EE) are first placed in the posiUo^i^ sVcwtv 
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figure, contact between them and the sliding bars being 
nearly established by turning the wheel F ; after which the 
final adjustment is given with the whee! G. As soon as 
the feeler, on its end being lifted, remains suspended instead 
of faUing back upon its support, the adjustment is known to 
e complete, and the position of the wheel G is accurately 
noted. Since tlie new bar is to be an exact copy of the 
standard, the coarse adjustment wheel F is left untouchedi 
the standard being released by moving the wheel G only, 
which is again adjusted when the duplicate of which the 
length is to be tested has been laid in the groove. If the po 
silion of the wheel then prove to be the same as before, it is 
evident that the length of the bars is identical ; but if not, 
the exact difference between them is given in millionth parts 
n inch by the number of divisions by which the second 
reading differs from the first ; a movement through one of 
these divisions being sufficient to release the feeler or again 
to arrest its fall when the adjustment of G is correct. This 
degree of delicacy will thus be seen greatly to surpass that 
of the measurements which have been obtained by reading 
line measures with the aid of powerful microscopes. As an 
instance of the extreme sensitiveness of macliines of this 
kind it may be mentioned that the one represented in our 
engraving is capable of detecting the expansion in a one-inch 
bar which is produced by merely touching it for an instant 
■with the finger ; and in the larger machine before alluded to 
—if due precautions be taken to protect it from dust, 
moisture, and currents of air — momentary contact of the 
finger-nail will suffice to produce a measurable amount of 
expansion in an iron bar 36 inches in length ; a space corre- 
sponding to half a division on the fine-adjustment wheel, 
or on e-two- millionth of an inch, having been rendered dis- 
tinctiy perceptible by it. Indeed, the expansion with eveiy 
slight increase of temperature constitutes the only difficulty 
with which Sir Joseph Whitworth has now to contend, and 
\be is of opinion that 6a° FahrenVieit, siteciv \s aAo^VeiVa 
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B country as the standard temperatvne, is too low for the 
■pose, since, if it were increased to 70" or So", its uni- 
fciity would be much less liable to disturbance from the 
Kmth of the operator's body. But it must not be supposed 
pt this acme of mechanical precision is by any means easy 
■attainraent. For it is obvious that if the slightest want 
■uniformity of pitch were to exist in the micrometer screws, 
m^ the sides of the bars, &c., were not the closest possible 
Rnoximations to true plane surfaces,— their ends being at 

■ same time accurately at right angles to the common axis 
Mhe bars and screws — it would have been impossible even 
Bapproach the wonderful degree of accuracy which can 
WK be obtained with these instruments. 

■For expressing the minute fractions of an inch which 
mtse measuring instruments enable us to take into account, 
ft ordinary binary divisions (into eighths, sixteenths, &c) 
Rwholly unadapted. The use of a medley of such de- 
ftoinators as 64, laS, 256, &c., could only result in hope- 
K confusion and mistakes, so that in practice the inch is 
Btly divided on this system into more than 32 parts. That 
Rse are insufficient, even for ordinary work, is proved by 
K not unfrequent occurrence of such dimensions as ' i i6th 
■B) ' 'or 3-32nds (bare) ' ; and for accurate measurements, 
nether theoretical or practical, a decimal system is recog- 
Gsed as an absolute necessily. Unhappily, opinion is divided 
^ to the best basis for such a system. Advocates of the 
jptre urge that, as a change is admitted to be necessat)', we 
Bbht not to lose the opportunity for abolishing the whole 

■ our present anomalous weights and measures, and substi- 
ping a system which is complete in itself, and which would 
pfeady fiicilitate our transactions with France and other 
gauntries in which it is used. On the other hand, it is 
Rented out that by retaining one of our present units of 
ength and merely subdividing it decimally, the difficulty of 
baking the change, and by conseqvience fee 6ia& -^ec^xTti. 
toy^ is incomparably reduced ; and that as ?a.T ax^ia.e'vD.xraft'^— 
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value of the metre as a theoretically perfect and recoverable 
unit is concerned, we should by no means be gamers by its 
adoption. It must be allowed that for the investigations of 
the chemist, and for similar purposes, a complete decimal 
system is invaluable, to which the fact that metric weights 
and measures are now aJmost exclusively used in such cases, 
bears testimony ; but it by no means follows tliat they are 
equally well adapted to the requirements of the engineer or 
mechanician, nor that any real advantage whatever would be 
gained by compelling the one to conform to the practice of 
the other. Those who desire the overthrow of our present 
system for the sake of uniformity can hardly be aware of the 
sacrifices they would impose upon the manufacturing industry 
of the United Kingdom, nor can they consider the extent 
of the change, which for the time being would carry the in- 
convenience of a mixed system throughout the enormous 
area over which the English language is spoken. Moreover 
the loss which would be caused by the alteration or replace- 
ment of all the present gauges and measuring apparatus, 
and of many of the machines and tools used in our work- 
shops, which would in itself be sufficiently considerable, 
would probably be a less serious matter than the overthrow 
of all the practical data and rules of calculation by the u 
of which we have arrived at our present superiority in me- 
chanical manufactures ; so that there is little doubt that the 
disadvantages involved in the adoption of the mfetre, or any 
other new standard, would much more than counterbalance 
the advantage of having the same bnguage of measure as 
>ur neighbours. 

These and other considerations led Sir J. Whitworth to 
suggest the retention of the inch — which is in fact tke unit 
of length for mechanical purposes — its subdivisions only 
being changed from vulgar to decimal fractions. This simple 
alteration provides us with the means of recording measure- 
ments of any required degree of minuteness, and so far from J 
^provoking the opposition which t\ie attempi. \.q wn'^'iiT.'i. mi j 
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fctirely new system would encounter, it has already made 

»t progress towards general adoption. 
I Turning now from die consideration of the terms in which 
r measurements are expressed, to ihe practical means em- 
fioyed for their determination, tlie first thing 
phich claims our attention is the Measuring- 
Fig, a represents the form most com- 
lonly employed by mechanics, which consists 
1 strip of box or lance-wood 2 feet in 
sngth, divided throughout into inches, half- 
Jies, quarters and eighths — occasionally 
toto sixteenths — joinled at the centre, so as 
B enable it to be carried in the pocket. At 
: back of these rules there is frequendy 
2 inches long, which is marked 
l^th inches on its interior and with logarithmic 
■ surface. The former 
: usefiil for enabling the workman to mea- ^_ ^_ 
hire the depth of a groove or cavity ; but he - ^| ^| 
JS seldom at the pains to make himself ac- 
quainted with the latter, though a few simple 
lessons in it would teach him that he carries in 
his pocket many hundred times as much power 
of calculation as he has in his head. The 
cheap rate at which these rules are sold is 
the only excuse for their usual inaccuracy. T»o-root Ruit 
But various other forms of rule, made of wood, 
ivory, and metal, far too numerous for mention here, are 
to be found at every tool and instrument maker's shop ; 
of which— as is the case with most other articles — the 
price generally regulates the quality. In order to ensure 
greater accuracy of measurement than can be expected 
from the cheap rules with which workmen usually provide 
themselves, and also to guard against the error which may 
result from the use of mixed dimensions l^so'me t^^wW-wSi 
euch as t' t" and 11" being liable to te m\W.aV.e.-u Ick ^■!>-'^ 
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other), Sir Joseph Whitworth provides his workmen with 
well-made 20-inch rules, divided decimally throughout the^ 
whole length ; all his working dimensions being expressed 
in inches and decimals only. The cost of these rules is tf 
mere trifle, and the simplicity of their graduations renders 
them much more easy to use than those of the ordinary 
kind, which are frequently rendered complicated by hav* 
ing the inches on one edge divided into eighths, on another 
into tenths, on others again into twelfths and sixteenths, 
and in addition have the foot divided decimally. 

Larger dimensions, when required but roughly, are most. 
readily taken from a measuring tape. To obviate the 
tendency of linen tapes to stretch, steel ones have been 
introduced ; but for accurately setting out long lengths, they 
are never likely to displace the simple expedient of using 
a pair of deal measuring rods each of the exact length of 5 
or 10 feet, which are alternately placed end to end the re- 
quisite number of times. For still greater lengths as in 
measuring land, &c., the surveyor's chain either of 66 or 
100 feet, is exclusively used — but this does not come within 
our present subject 

With straight and inflexible measuring scales or rules, 
however, it is evident that many of the dimensions which 
are required in the workshop, cannot be obtained directly. 
. This is true of almost all cylindrical, as well as of manyi 
Other forms of frequent occurrence, the most simple method 
of determining the size in such 
cases being to apply to the inac- 
cessible portion of the work a pair 
of cailipers, which ordinarily con- 
i sist simply of two curved steel I^s 
I {Fig, 3), stifflyjointed togetherafter 
the manner of a pair of compasses. 
The points of these are set to such 1 
B distance apart, that they are just able to pass freely I 
^pver the cylinder or other article to be measMxeA, fe | 
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;r or thickness being then found by laying the callipers 
Jipon an ordinary rule. It will be observed that the pair shown 
W the engraving can be used not only for outside dimen- 
sions, but also for inside ones, provided that the size of the 
aperture is sufficient to adroit them. Two other forms of 
plain callipers will be found represented in Fig, no; and yet 
s are made, amongst which may be mentioned sliding 
railiptrs, in which the pivoted joint is dispensed with, and 
a graduated sliding bar substituted. These, which some- 
what resemble the thousandth gauge. Fig. 9, are true measur- 
ing instniments of considerable dehcacy, and are not open 
to the charge of inadequacy for any but rough measure- 
ments. This, on the other hand, may justly be urged against 
callipers of the ordinary kind, which, although tolerably 
satisfactory correspondence between two pieces of work 
may be obtained with tbeir assistance, are of comparatively 
little use for determining their true size. To do this entails 
the conversion of the end or contact measure, which is ex- 
pressed by the distance between their points, into the line- 
measure marked on a scale or rule — a task by no means 
easy even in the case of rough measurements, and one 
which, when scientific accuracy is necessary, becomes a 
serious difficulty. 

It may be mentioned in passing that the following is the 
only way of doing this correctly which has yet been devised. 
A line is drawn across each of two end-measuring bars, at 
or near their centres ; their ends are then placed in contact 
with each other, and the distance between the lines is read 
with a pair of microscopes, such as are used for Itne- 
leasure. Both bars are then turned end for end, and the 
mce between the lines is again read ; the mean of these 
) readings gives the length of each bar. Since, as we 
ttll hereafter see, all workshop measurements except those 
Eao approximate character are obtained by some form of 
ptact measure, the difficulty of this operation forms a 
mg argument in favour of the dissemination of end-mea- 
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; copies of the standard, by which private measuring 
Sstmments may be verified when necessary, as lias been 
fetrongly recommended by Sir Joseph Whitworth. 

In determining the thickness of metal plates, sheets, and 
wires, the necessity for some apparatus in which small dif- 
ferences could be taken into account must have long ago 
linade itself felt. To these not only is an ordinary rule 
generally inapplicable, its subdivisions, even if it could be 
applied, are altogether insufficient for the purpose. In con- 
Sequence of this, it has become the universal custom to 
measure these (at least when they are of no great thickness) 
by means of a wire or plaie gauge, which is in fact a simple 
kind of contact measure, formed by cutting a series of par- 
allel-sided notches of varying widths, round the edge of a 
small plate of steel. In default of any means of ascertaining 
the true width of these notches in parts of an inch or of a 
foot, they have come to be distinguished by a purely arbi- 
>trary series of numbers The B'lrminghavi wire gauge (one 
form of which is shown^one quarter of its real size — in 
^. 4, the notches being distinguished by the numerals 
from I to z6), may be tiken as the type of these gauges; 
but unhappily it is by no means the only one. 
Local requirements and tlie insufficiency of 
the ' B. W. G.' series (for by these letters the 
numbers which belong to this gauge are dis- 
tinguished) have brought various others into 
use ; and since in their case, as in its own, 
the sizes are arranged and numbered on no 
definite principle whatever, and no sort of 
correspondence exists among them, great 
confusion and want of unifoimity in these 
gauges prevails. From this the only chance 
I of escape seems to lie in their total abolition, and the 
L substitution of some entirely new gauge, which shall be 
LBufficient for all ordinary purposes, and whose distinguishing 
nitnbera shall be arranged in a rational manner. ThanJca to 
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Sir J. Wliitworth — to whom we so constantly have to expres 
our obligations, and to whose valuable ' Papers ' ' 
much indebted — this is now in a fair way to be accoifl 
plished. He has carefully compared the principal g 
now or till lately in use, and he has drawn up a table B 
portion of which is given below), in which not only is .| 
definite series substituted for the erratic mode of progressioi 
ivhich prevails in the Birmingham and other gauges, but the 
numbers possess this immense advantage, viz., that thej 
represent the actual sizes expressed in thousandth parts of 
an inch. By this simple alteration several gaps are filled 
up, so that we are- enabled to gauge sizes for which the old 
gauges had no numbers, and in addition to this we are 
relieved from the inconvenience of having the same size 
expressed by two or more different numbers, which was 
frequently the case before. As an instance of it we may 
mention that- No. 24 of the new gauge represents the fol- 
lowing numbers in five of the old gauges :^No. 23 of the 
Birmingham Wire Gauge ; No, 10 of the Birmingham Plate 
Gauge; No. 72 of the Lancashire Gauge; No. 12 of the 
Music-wire Gauge; and No, 6 of the Needle-wire Gauge; 
the size in each case being -024 of an inch. 

Although gauges of this kind generally consist of notched 
tee! plates, more or less resembling Fig. 4, they may be, and 
sionally are, made upon a different principle. Some of 
e have but one very slightly tapered opening, instead of 
iBDg provided wilh separate notches for each of the thick- 
s to which they are to be applied ; the number of any 
or sheet of metal being determined by observiog the 
which it can enter the opening. A V-gaugi of 
S kind is, or until lately was, in use at the Royal Mint. 
ften properly graduated, these gauges are cajjable of 
iring the diameter of wire with tolerable correctness, 
It tiiey are noc well adapted for other than circular sections. 

B^* Miscdlamous Papers on Mechanical Subjals: By Joseph Whil- 
"ftRR-S , : Longmans, 1858. 
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Birmingham and similar gauges, the notches^^^^| 


made by drilling a series of holes at some little dist^^H 






TabU of lite Principal Wire and Plate Gauges. H 






TX" 


'""••aS""'— ' 


IKCMAl 








li 


i§ 


1" 


(Thou- 


II 


s 


^M 




or an 
inch.) 


u 


• 'I 


|l 


undths 




1 


1 






i~ 








4S 




'5' 


79 














50 


Vs 


16 








; 








55 




17* 








4 
S 


36 

35 


2 




60 IT* 
65 1 t6 


18 
•9^ 


^m 






6 








70 IS* 










7 


34 






75 












3 


33 


3 




80 




24* 








9 


32 
31 

30 


, 5 




85 
90 
95 


'4" 
13 


::: 


P 






13 




'6 










34 






14 






79 




28 


3»* 






'5 




7 


7« 








29 






16 
17 


^7 


8 


77 


150 
165 


'r 


l^ 


33 

"9 






iS 


26 




76 


iSo 


7 




>3 






'9 


25 


9 


75 


220 


6" 

5 




5 








24 




74 


240 


4* 




C 






24 


S3 




72 




3 




Q 






25 






71 


x&o 


2" 




K 






2& 






70 


300 






N» 






30 






6S 


3*5 






P* 






3z 






66 


35° 






S» 






34 






64 


375 






V* 






36 


ao 


'3 


62 


400 






X" 






38 






61 


425 












40 


i'9 


14 


59 


450 
475 
500 


0000« 








Note 


—Sizes which differ from those in the first colamn by more 1 


■than ■(» 


2 of nn in 
■001. ih 


ch are marlied th 


us *• ; tiiose of which the difference 




s •. All other- 




■within 1 


joi of an inch. 



I-l Daimal Gauges. 



Iges of the plate, with which they are then con- 
(Cted by saw-cuts of varying widths, the sides of the cuts 
g afterwards made smooth and paraUel by driving into 
I notch a hard steel drift of the exact lliickness re- 
Bsented by the number with which the notch is to be 
rked. The decimal wire gauges to which the above 
be refers are made by Mr. Stubs, of Warrington, from 
mdard flat gauges and in general appearance greatly re- 
pble the ordinary Birmingham gauge. 
JThe range and the uses of this and the other gauges there 
ptioned may be briefly stated as follows : — 

e first column gives the numbers of the Decimal gauge, 
1 progress by regular steps, and in all cases represent 
\ actual si/e, as already stated. 

n column a is the entire series of the Birmingham Wire 
luge, from No. oooo to No. 36, with one exception (No. □}. 
Ethe gauges for ordinary use (as in that represented in Fig. 
Tthe first four and ihe last ten sizes are generally omitted, 
\ total number of notches being thereby reduced from 40 
This gauge is much more extensively used than 
j[ of the other arbitrary gauges— wire {^vith some excep- 
Bs), sheet iron, and steel, and frequently also other sheet 
tals, being referred to it. 
Bn column 3 will be found most of the numbers of the 
Q Plate, or Metal gauge. Whenever the thick- 
S of sheet metal^with the exception of those mentioned 
j(>w — is expressed by an arbitrary number, this series is 
Mined to be referred to, although the numbers in the 
vious column, with the affix 'B.W.G,' are not unfrequently 
festituted for them. Even when the lower numbers of the 
ue gauge are used the se es s often considered to end 
No. 34, the lai^er s zes be g then borrowed from the 

s column, is nee the numbers of these two gauges 

^BB in opposite direct ons the I ole arrangemeot is well 
adapted for producing confi. s on 

Column 4 contains manj of the numbers and letters of iJie. 



26 



Workshop Appliances. 



1 
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Lancashire gatige. Commencing with No. So, which 
sponds with No, zg B.W.G., this gauge absorbs all the 
numerals down to No. i, followiDg them up with the whole 
alphabet from A to Z ; after which, still unsatisfied, it recom- 
mences with A. I., B.i.,&c., till it reaches its maximum, H.i. 
(^■494, or nearly half-an-inch). It is used for pinion wire, 
and for round brigiti steel wire ; ' Music wire ' and ' Needle 
wire ' being exceptions which have distinct and separate 
gauges of their own. ' Rope wire ' and ' watch-spring wire ' 
are also similarly favoured. 

Among sheet metals the following are the principal ones 
which are not referred to the Birmingham Plate gauge : — 
1st, Sheet iron and steel, as already mentioned. 

andly, Zinc, which being chiefly rolled in Belgium, has a 
gauge of its own, which we give below, sheets of greater 
thickness being referred to the B.W.G. numbers, although 
these run in the reverse direction. 

3rdiy, Lead, which is estimated by the number of pounds 
per superficial foot, advancing generally by single pounds 
from 4 lbs. to is lbs. 

4thly, Copper and Brass, which, when in large sheets 
measuring 4 feet by 3 feet (containing therefore 8 superficial 
feet) is described by the number of pounds in a sheet. This, 
however, does not apply to the 5-inch and other narrow 
widths of rolled brass, copper, Ac., of which the tliickuesses 
are expressed by the numbers of the B.W.G.) 

Sthly. Tin plate; which is not referred to any gauge, beii^ 
sold in boxes, of which the number of sheets contained in 
each, their weight, size, and the marks by which they are 
distinguished, are given in the subjoined Table. 

Lastly, Plates of iron or steel exceeding i-8th {=-i2s) of 
an inch in thickness, are specified by the number of inches 
and binary divisions of an inch in the width of their 
section, being rolled (in ordinary cases) to eighths, sixteenths, 
&c This enables the weight of any wrought-iron plate to 
be easily calculated by applying the useful rule which teaches 
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us that — Rolled iron weighs 5 lbs. per superficial foot f 
every eighth of an inch in thickness. 
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Another example of coo tact -measuring instiument, and 
one which is to be met with in every workshop in which the 
accurate measurement of cylindrical work of moderate size 
is frequently required, is to be found in the case-hardened 
cylindrical gauges, of which an example is given in Fig. 5, 
To enable these gauges to be used for measuring both internal 
and external diameters, they are made in pairs, being called 
respectively External and Internal Gauges. Provided that 
rect in the first in- 
lore ready or more 
tain method of testing cylin- 
il work can be conceived, i 
simplicity of form 
ample strength being 
r practical use a very highF,G,5._ 
Mmmendation. But each 

n of course only be used for the particular size to 

s made, so that a very large number of them is gene- 

y required. Indeed, a complete set of these gauges is an 

^ortant item in the first outlay upon a fitting shop. Conse- 

intly.an original set of standard gauges seldom is, and 

r should be, used, except for the production and correc- 

f duplicates, the latter only being handed over for the 

f workmen. But even when a full complement of 

B'ttftugeshas been provided (of which an ordinary set 





rises by either loths or i6tlis for the first inch, by 8ths fo*" 
the second, thence by quarters up to 6 inches, — beyontJ 
which they are not usually made) uneven dimensions will he 
frequently found to occur, for which they render no assist- 
ance. In these cases a measuring machine, such as that 
shown in Fig. lo, will be found to be a most valuable 



adjunct, 
be greatly 



it enables the r 
;duced, whilst ; 



mber of standard gauges to 
it the same time any inter- 
mediate dimensions can be 
easily and accurately obtained. 
By grouping together the suc- 
cessive numbers of a series 
of external gauges, so that 
*-K;.6.-swpp.dG=uEea), about 8 of them are formed in 

one piece, their cost is considerably reduced. Thus modi- 
£ed, they are known as Stepped Gaiigis, one o^ ■m'r\cW fe 
^presented in Fig. 6 ; but theii constiucQcn xe-niwa "Sokto. 
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'^ more limited application than the gauges last described,. 
Wd tjie smaller amount of cylindrical surface devoted to 
^*ch dimension renders them liable to more speedy deterio- 
■^tion. Moreover, as they are not usually provided with 
<^oUars, they cannot be used for outside measurements. 

The cylindrical gauges would be too delicate if 
, jailer than one-tenth of an inch diameter, so that for sis 

low this down to one-fiftieth of an inch Flat Gauga 



1 

to fl 




sde, one of which is shown in Fig. 7 ; the two faces of tl 
^iige are made true parallel planes. A separate gauge of 
*~ais form was made by Sir Joseph Whitworth for each notch 
*^ the Decimal Wire gauge before referred to. 

Before, however, proceeding to notice the measuring ma- 
— liine just alluded to, it will be well to call attention to one I 
^r two delicate, but very portable instruments, which, J 
^though they are not often to be met witli in a workshop 
^t present, might be more extensively used there with greal 
advantage. To a careful workman they are capable of n 
tiering valuable assistance. 

The simplest mechanical means by which minute quantiS 
ties can be rendered visible would probably be an an 
taent by which the forward motion of a sliding i 
should be made to record every slight increase in its thid 
ness, and instruments on this principle have been proposed 1 
by Mr, Ramsbottom, Their magnifying power, as it were, ' 
depends upon the amount of ' taper ' gi-ien to the wedge 
for instance, a wedge 10 inches long and o^ i \-wi\ x.'tMi'- 
^ickness wou\d have a sliding moUon ot i-\o"i\al aft\w?^ 



for each i-iooth of an inch by which its lliicliness varied 
A modification of ihem lias been used in the locomotive 
engine shops of one of our large railway companies ; the 
wedge being bent into a circle of about lo inches circum- 
ference. Each complete revolution corresponding to a 
variation in its thickness of i-4ih of an inch, i-ioooth of 
an inch can be measured by causing it to revolve through 
about '04, or i-2^th of an inch, which is a distinctly visible 
quantity. In most cases, however, this instrument cannot be 
directly applied to the work, and measurements must be 
made through the intervention of callipers. Altogether 
this arrangement of the screw — for such the wedge becomes 
when thus modified — is far inferior in point of convenience 
to that next described. 

Fig. 8 is a half-size drawing of a pocket instrument made 
by Messrs. Elliott Brothers, which is capable of measuring 

very minute quantities. 
^^^ ^ j^p^j^M^ajl ordinarily made the screws 

1^^ HBH^^a|^BiH|A have 50 threads to an inch, 
pt ^ their heads having jo divisions 

'- on the circumference. Each 

^ ' division therefore corresponds 

Fic. a,— ThousandihGaugeCi). to 3. longitudinal motion of 
i-iooothof aninchonthepart 
of the screw ; but this by no means represents the limit of 
delicacy which can be obtained on this system. It should 
be noticed that any slight error in the number of threads 
per inch which there may be in the screw, can be corrected 
in graduating one of these instruments by recording the 
number of its revolutions on a spiral line, instead of i 
one parallel to its axis. The milled portion of the head is 
sometimes provided with an independent ' Ereguet ' motion, 
which obviates any tendency to put too much or too little 
pressure on the article which is being measured. 

Another form of instrument, which may be carried in the 
Kjiocie^ is shown— also half s\ze^-m '?\^. g, 'ivt ou^saoL' 
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o which our engra\')ng has been taten having been made 

f Mr. HoltzapfFeL The scale A is marked with inches, 

e divided into fiftieths. By means of the vernier E 

ich fiftieth can be divided into ao parts, the distance between 

; inside knife-edges of the jaws C C being thus read off 

■the thousandth part of an inch. These Jaws being each 




Ga^ge (i). 



: exactly i-ioth of an inch wide for a portion of 
r length, they can be used to some extent tor inside 
osioDS, two-tenths of an inch being in this case added 
e reading given by the scale. Either this or the pre- 
8 instrument can be used for all the purposes to which 
fccompUcated wire and plate gauges above mentioned are 
fctlied, and for many others in addition. 
But for verifying working copies of gauges^for ensuring 
y of the various templates or patterns of size 
n daily use in the workshop — for maintaining 
mt uniformity of measurement, so that perfect agree- 
all obtain between any articles of the same dimen- 
/en though produced at distant periods of time ; for 
I, and for many similar purposes, the measuring ma- 
^e, with a brief notice of which we will conclude this 
^ter, leaves nothing to be desired. It has been specially 
i by Sir Joseph Whitworth for workshop usCj and, as 
It importance of accurate measurements in machine 
k becomes more and more generally appreciated, it will 
s be found to he an increasing T»ecess\Vj ■C^^sxelv'Ol. 
'ader who has followed us thiovi^ Ave it'ict' 
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of the millionth measuring machine (Fig. 1,) given at 
vious page, will be able without assistance to understand 
general construction and method of using the less delicate 
instrament of which Fig. 10 is a perspective view. We shall 
perhaps therefore best describe it by calling attention to the 
chief points in which it differs from the previous machine. 
In the first place let us call to mind the difference in the 
duties which each of them has to perform. With regard to 
delicacy of measurement their respective requirenients 
as far removed from one another as is the accuracy demanded 




of a scientific standard from that which suffices for com- 
mercial purposes ; so that whereas in the one case it is of 
the greatest importance to be able to record the most 
minute quantities — we have seen how the millionth part of 
an inch can be rendered visible, and if it were possible it 
would doubtless be desirable to take into account yet 
smaller fractions — in the other, it is useless to provide the 
means of measuring distances, of which it is at present im- 
possible for us to take cognisance in mechanical handicraft. 
Oa this account this latter machine is provided with gradua- 
tions, each of which corresponds OTv\-y to oiie. 
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[dth part of an inch. But the principal differences in its 

jeaiance are due, not to this diminution in magnifying 

ut to the necessity for enabling this machine to 

mit articles of greatly varying size and form ; since, if it 

could be applied only to measuring the length of bars of 
one particular section, it would be of comparatively little 
use in the workshop. On this account the headstocks, 
which in Fig. i are cast in one piece with the bed of the 
machme, are here separate castings ; one of them being fixed 
at the end of the bed, the other capable of being moved to 
any part of it, and clamped there. The bed bears much 
resemblance to that of a small turning lathe, as also does 
each of the headstocks to the poppet, or sliding headstock, 
by which the back centre is supported. This movement of 
the headstock, which is effected by turning the small wheel 
at the left-hand side of the figure, rotation being thus im- 
parted to a quick- threaded screw within the bed, enables 
the ends of the sliding bars to be placed at one foot or at 
any smaller distance from one another, whilst — owing to the 
height at which they are supported above the bed— a cylinder 
of as much as six inches in diameter can be brought into 
position for measiu-ement between them. 

The graduated portions of the instrument are three in 
■number — in the first place the inches from i to 1 2 are marked 
upon the surface of the bed, so that the moving headstock 
can at once be approximately placed at the required dis- 
tance ; secondly, the small wheel carried by this lieadstock 
has 250 divisions round its circumference, each complete 
revolution of this wheel corresponding to a backward or 
forward movement of one-twentieth of an inch on the part 
of its slidmg bar (that being the exact pitch of the screw to 
which it is attached) ; and lastly, the laige wheel of the 
fixed headstock has 500 graduations upon its rim. The 
■ to which it is attached having also zo threads to 
: inch, rotation through the space of one of these ^"■.- 
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dilations causes the sliding bar in this case to more 
through jV >* sniF = "ne ten-thousandth part of an indi. 
The capabilities of this machine will thus be seen to be far 
more extensive than those of the other and the more sensi- 
tive instrument, and although its performance may be less 
calculated lo excite surprise ana admiration, it is far better 
adapted to the fulfilment of every-day requirements, 
using it standard bars and cylindrical gauges are of course 
required, this, hke the former, being intended for tnaking 
comparisons rather than original measurements; but, as we 
have before pointed out, a small number of carefully kept 
standards only are necessary, since intermediate steps in 
series can be readily filled up, owing to the facilities \rtiidt 
the graduated wheels afford for increasing or diminishing' 
within considerable limits, any dimension which has becfi 
accurately obtained from a standard bar or gauge. In the^ 
comparison of bars, a simple form of support for them be- 
tween the headstocks is desirable, since a ' feeler ' can then 
be used in the manner already pointed out ; but in the case 
of cylindrical gauges, or portions of work, the operation can 
be easily effected without such assistance, the gauge or 
other article being merely held in the hand and passed be- 
U'een the ends of the sliding bars. \Vhen the true adjust- 
ment has been given to the machine it has been found that 
an alteration of one forty-thousandth of an inch in 
distance between the bars causes a distinctly perceptible 
increase or decrease in the resistance which the cylinder 
encounters in passing between them. Large gauges, &c.,- 
which are too heavy to be conveniently held in the hand, 
may be suspended vertically over the machine ; the adjust- 
ment can then be given as correctly as in the case of the 
very smallest articles. 

A frequently recurring example of the advantage of fine 
measurements in mechanical work, which will serve well to 
illustrate the use of this machine, occurs in fitting together 
two portions of a piece of work — such as a wheel unon ail 



' Tcn-thoHsamith ' Measuring Machhu: 35 

If it be required to revolve, the diameter of the bear- 
\ must be soniewliat larger than that of tlie axle ; if to be 
m so as to fit tighdy (as unhappily is ll.e case in 
■way wheels), the diameter must be somewhat smaller. 
r either purpose the best result only is obtained with one 
rticular amount of difterence between the external and 
mal diameters ; and although this can only be learnt by 
jerience, yet, when leamt, it should for the ftiture be 
piered to. Let us take the case of an external cylindrical 
ige being required for this purpose 4'oo3 inches in diameter 
"s to say, one which shall exceed that of a standard 
Blch gauge by three- thousandths of an inch (and it may be 
Bitioned Chat one-thousandth more or less makes all the 
jference between a good fit and a bad one). The moving 
idstock of the machine having been clamped at the 4-inch 
prision on the bed, its wheel is adjusted till the 4-inch 
fendard gauge can just pass freely between the ends of the 
sliding bars ; the largest wheel upon the fixed headstock 
having been previously set to o, or zero. This wheel is 
moved through 30 divisions, which gives the exact 
rence required in the distance between the sliding 
. Perfect but free contact with their ends on the 
t of the proposed ' difference gauge ' then proves its 
rectness. 

':rmci Gatigis are usually made in sets of three, those 
T gauging the bores of rifles, rising by one sc 
\ ii}cb. 
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CHAPTER II. 

ON HAND-TOOLS USED FOR WOOD. 

' In his well-known work on 'Tuming," Jic, Mr. Holtzapfid 
divides the cutting-tools used by hand into three classes, 
z., paring tools, scraping tools, and shearing tools. He 
admits, however, that this classification is open to criticism, 
and although we shall be much indebted to Mr. HoltzapfFd 
in the course of this and some of the succeeding chapters, 
and are glad to bear testimony to the value of his work, we 
may be pardoned for noting at the outset one or two object 
tions to this mode of grouping. 

Paring, or splitting tools, are therein defined as having 
' thin edges, the angles of which do not exceed sixty 
degrees ; one plane of the edge being nearly coincident with 
the plane of the work produced (or with the tangent, in 
circular work).' ' Scraping-tools,' on the other hand, have 
' thick edges, that measure from sixty to one hundred and 
twenty degrees. The planes of the edges form nearly equal 
angles with the surface produced ; or else the one plane is 
neariy or quite perpendicular to the face of the work.' Yet 
[ Joiners' planes are placed in the first group, of which the 
small facet produced in sharpening the iron on an oilstone 
is said to form an angle of io° with the surface of the work; 
and saws are placed in the second, although the back of 
each tooth may also be inclined 10°, or ecen only 5°, to the 
cut which it produces. Moreover, under the above defini- 
tions, even a wood-chisel, the type of paring tools, loses its 
title to being classed among them, when, in the hands of the 

' Ti/min^ and Mfthankal Mani^latioH. B-j iZ^aAea Wo\\-i*5^\. 
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Uimer, it is applied perpendicularly to the surface of the work, 
as is soraelimes the case. Thick edges, as distinguished 
from thin ones, seem to offer but little help out of these 
difBcuUies of classification. Under the head of ' paring- 
tools,' we find 'most of the engineer's cutting, turning, 
and planing tools for metal,' in spite of the thickness of 
their cutting edges, whereas razors (although Mr. Holtzapffel 
consistently includes them among paring tools) ought 
surely, if they deserve their name, to be classed among 
scrapers. 

A better distinction would probably be one in which, 
in addition to the inclination of the tool, the direction of 
the force applied to it was taken into account ; though 
■whether on this, or on any other basis, a rigid classification 
could be carried out, seems very doubtful. Certain it is, 
thai at least in cases where continuous rapid motion is 
imparted to a tool, or to the work with which it is brought 
into contact — ai, for instance, in the case of a circular saiv, 
the cutter of a rotary planing- machine, wood in the process 
of being turned, &c. — the effects produced are quite as 
dependent upon the speed, as upon the angle and Inclination 
of the cutting edge ; a fact which must not be lost sight of 
in reducing to definite groups the miscellaneous collection 
of implements comprised under the head of 'cutting-tools.' 
No such attempt, however, will be made in this and the 
following chapter, in which it will be impossible for us to 
J more than to glance briefly at the more ordinary types 
. hand-tools — some insight into their principles being 
nitial to the proper understanding of the action of the 
i machine-tools which form the main portion of our 
ttiject. 

pt should be observed that simplicity in the form of a tool 
I means implies facihty in its use. Indeed, the very 
3 of this is much nearer the truth, and within certain 
i it may be said that the more siTOyXe i.\\e, tod^., 'fea 
r is t&esii/J required to use it piopeiV-^. Kti esSsesB& 



[ance of tliis will be found in the scribcr, whicli 
pie in its form as doubtfully to rank among cutting-loola; 
It consists merely of a straight pointed piece of steel "^ 
circular section, and it is used by workmen for marking (Hi 
metal, just as a pencil is used for marking on paper. ~' 
working part of it bein=; merely a point, it has, whei 
alone, no tendency to move in one direction more than. \r 
another : the ' guide principle,' as it has been termed, being 
entirely absent. A straight, or curved lin^ 
can therefore only be described with it, 
the workman is sufficiently skilful to guidQ 
it perfectly correctly with his hand, which il 
mechanical work is out of the question. A 
scriber is in consequence invariably used in' 
conjunction with a guiding edge of the re- 
quired form — the difficulty of using it atoa 
being for all practical purposes insuperable. 

Neglecting metal tools for the present, we 
will confine our attention to those used for 
wood. Foremost among them is the axe (Fi 
ii), the genera! form of which seems to have 
undergone but little change since the date of, 
vvi, n,- Ax=<i) *''"'^ implements, to some of which the axe- 
head — ^more especially the American pattern 
(Kig. Il) — bears no inconsiderable resemblance. This 
(tmwni, however, which is less cumbrous than the ordi- 
nary English axe, has come considerably 
^^^^^^ into use in this country. Both of these. 
I^^^^^^^^l are sharpened by being ground equally on 
^^^^^^H each side of the cutting edge. 
^^^^^^^W When it is necessarj- to produce a coin- 

^''^kv^'WilK*'*'* I'-irat'vely' flat surface with an axe — as, 
for instance, in squaring logs of timber — 
% Wwk*vvt hmvii known as the side-axe, is used, of which 
(At' l^fc*' '• K«iWlni on one side only. The flat, or unground 
HHV. (**'4I t(M'tM» « S"'^''"B surface, w\vlc\\ efta.\>\es w^oiesHNft 



Axcj and .' 

* to be made with an amount 
ail ordinary axe. 
fStil I grtater accuracy can be 
imed with thei7rfEr(Fig.i3), 
tliongi, t],is Is in great measure 
to the manner in which 
held. Standing upon his 
*P''k, and planting his blows 
niix wonderful effect upon the 
tirritji-r beneath his feet, a good 
^otliinan «ne!ds his adze with 
sueh certainty, that he can 
^P'it the sole of his slipper 
"■'tWout fear of even gracing 
the sicin of his foot. An 
^^^ially good tool for small 
"O i-lt is the luind-adze { Fig. 1 4 ). 
^■^ "this rhe handle is attached 

V 




^Bb Workshop Appliances. 

^Kdze ceriainly stand unrivalled amongst wood-to 
^hiining as they do the cleaving power of a wedge, 
^ra)rce of impact of a hammer. They are, therefoi 
Hfflftlly apjjlied for heavy timber work, in the prelimin, 

■ ^ which they give invaluable assistance. The 

■ Jiowever — more especially those of ordinary axes- 
t.small an amount of guiding surface, that a very hif 
mjet skill on the part of the operator is necessary, in 
H&ake the cut in the desired position and direction, 
^f course advantageous 

I edges of these tools 

as small an amount of 
as is consistent with 
strength to resist the 
to which they are subje 
angles of iheir cross 
therefore vary from abc 
40°, according to circu; 
those of the side-axe 
generally approaching th 
and that of the commo 
larger of these angles. 
Figs. 15 and 16 shoi 
tively a cast-steel _firm 
and a steel-faced soei 
which differ from one 

■ Fig , Fig .6. chiefly in the provisioi 
^Kmu chUei (|). Socket Chisel (Jj. attachment of their hant 
K the side-axe and the ads 
^ra£ this kind have 'single bevelled' edges, being g 
Huie side only. By keeping the unground side presS' 
^^ainst the work, the tendency of the edges to rui 
■OBaateria! can be completely resisted ; the even pre; 
■which a chisel is driven where thus used for pari 

especially favourable to this application of the ' g 
ciple.' In this manner small suitaces ca.Tv \it ma.ii 
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^at as with a plane ; but it should be observed that this can 
Sly be done as long as the original flatness of the unground 
« of the chisel is not interfered with. 

In the ntartice chisel (Fig. 17;, which may be either finner 
I 5**' socket-handled, the guiding power of the unground face 
*^ also taken advantage of in cutting the vertical sides of ' 
^^^rtices. Chisels of this kind have considctable extra 
. ■'sickness giveti to the blade, to enable them to stand the 

^^ugh usage which they are liable to 
**Xeet with. The width of their edges 
^-"•id dial of carpenters' chisels gener- 
*^lly is rarely less than ^th of an inch, 
^~^r more than 2 inches. All of these 
"^^jc sharpened by grinding them on 
'^:3De side only, as already stated (but 
"^ichich cannot be too strongly im- 
■jiressed upon a beginner), at an angle 
of from 20° to 30°, according to ^le 
hardness of the material to be ope- 
rated upon, a small facet at a some- 
what greater angle(ordinarily exceed- 
ing the former by about 10°) being 
afterwards formed upon an oilstone, 
t the purpose of giving a smooth 
"S clean cutting edge. Mortke'ciutl (D. 

arpenter's ^ougs (Fig. 18) 
) either socket or firmer-handled, and it i 

n the same manner, and at much the same angl 
Bthe foregoing, but the bevel being generally on the conve 
, is much less easily guided, 
icept for the removal of moderately thin or 1 
hvings, the pressure of one or both hands is insufficiaJ 
\ working a gouge or chisel. It is then propelled by s _ 
; blows upon the end of its handle, for which por- 
le SL-iaalJa (Fig. ig) is much to be pfeferteA to a.'tt'MTOt.fe^. 
! latter, whilst more destructive to the \iaiv&.e, o'i "i^ 
I is less elective in driving it into ttie '«o\Y. 
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From the carpenter's paring chisel, an easy step leads us 
10 the draw-knife {Fig. 20), for although they differ greatly 




in form, the depth of their cut is controlled in a precisely 
similar manner. This consists, as previously mentioned, in 
keeping the flat side of the blade towards the surface of (he 
work, its tendency to run into it being either wholly or 
partially resisted by raising or depressing it From the 
position of the handles, it is 
obvious that a draw-knife could 
not be applied to a surfece 
whose width exceeded the length 
of the cutter ; but, in fact, its 
use is much more restricted by 
the amount of power which is 
necessary to remove, even frorn 
^3^ soft wood, a shaving which is 
lu u-.-Scciionofspoiie^havt' ^'^^ ^ ^^'^ ^ thick. Neither 
this, nor any of the preceding 
jIs, the depth of whose cut is dependent upon the incltna- 
j of the cutter, are compeient Vo teroo'jfc ve'rj xiun, <k 
tnifonn sbai 
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\Vith the spokeshave (Fig. a i ) this is to some extent pos 
sible, for this tool will be found on examination to difler 
from the preceding in principle, much more than in form. 
Fig. 2 2 represents a section through the centre of a sjioke- 
shave, from which it will be seen tliat the piece of (beech or 
. other) wood which carries the cutter, is not in this case 
merely 2 convenient form of handle; it is an integral part 
of the tool itself. Running along the whole length of the 
I blade, it forms a gitide which renders it imijossible for the 
cutting edge to penetrate the work beyond a certain fixed 
depth. By regulating this depth we ought to be able 10 




remove with this instrument perfectly uniform shavings of 
any required degree of thinness. But in practice, a spoke- 
shave is by no means as efficient a tool as it would appear 
to be, and it is never employed where inucli accuracy is 
required. The effect of use is to enlarge the mouth {i.e. the 
space between the wooden guide and the cutting edge), more 
especially towards the centre, where it gets most work. 
Grinding the cutter further increases this evil, and the cutter 
itself— of which tlie upturned ends are rather obstacles to 
sharpening — is liable to liave its edge much thickened by 
the process. This, liowever, is partly prevented by forming a 
groove in its upper surface, which can be seen in the section. 
In the various kinds of surface plane, the whole of these 
defects are remedied, and the result is a beautifvil instrument, 
which for acca.Ts.cy of performance surpasses o.\\ wiitft Vhv^ 
tools. The genera! forms of the jack plane t;¥\^. 2^>, «»-^ "^^ 
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the smoothing pkme (Fig. 24), are loo well known to need 
description, but the requirements which have given rise t 
these forms desene a little consider- 
ation. 

In the first place, with reference 
to the stock, which is generally made 
of beech wood, and which car 
the cutter, or platie-ire'i, as il 
called. Through this stock there is 
a vertical aperture, of which the 
sn.QothinBJ'janeii). 1^^^^^. portion serves the same pur- 

pose as the wooden guide in the case of the spokeshave, 
and forms, with the cutting edge, the mouth of the plane. 
This, as we have seen, would be sufficient to regulate 
penetration of the cutter, but it would not prevent it from. 
following all the inequalities of the surface to which it is 
applied. Now the object of planing a surface is to render it 
flat, by removing its inequalities, and for this it is necessary 
that the cutter should act upon the projecting portions only. 
This end is simply and efrectually attained by giving con- 
siderable length to the stock, which causes a plane, in 
operating upon a rough piece of wood, to remove successive 
shavings irom the more prominent parts, until they are 
brought down to the level of the deepest depression in its 
surface. When this has been done, a continuous shaving 
can be taken from the whole length of the piece, and the 
surface (if narrow) is approximately flat. How nearly it 
approximates to perfect flatness depends upon the skill of 
the workman, who knows, among other things, that he must 
try to plane it slighdy 'hollow,' rather than 'round,' since, 
if he uses a plane sufticiently long in the stock, it is impos. 
sible for him to give any great amount of concavity to a 
siuface of moderate size. For this reason jack planes, with 
which the first roughing-out of a surface is done, have as 
much length given to them as is possible, without making 
them cumbrous— /.f., from about r4 to 17 inches. Ttying, 
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(or tnie-ing)//(7/«J. whose office is to correct the inequalities 
left by the former, are from 22 to 24 inches, or— -.f intended 
for making long joints, in which case lliey are called jeiriters 
— 28 to 30 inches ; whereas smoothing 
planes, which have merely to give the 
finishing cut to the already flattened sur- 
face, are only about 8 inches long. 

The /•/line- iron, of which the lower part 
of one face only is made of steel, was 
fonnecly a simple chisel-like blade from 
|lhs to Jths of an inch narrower than 
the sole of the plane ; but this has been 
greatly improved of late years by attach- 
ing to its upper surface a second inverted j 
blade of the same width as the first. To- L 
gether they form the double-iron shown in " 
Fig. 25, which for surface planes has almost Ooubte pjane 'iron (i\ 
entirely superseded the old single-iron. 
The top-iron, though it lakes no part in the cutting of a 
shaving (and consequently when once sharp it never again 
fcrequires shari)ening), enables the bottom-iron to make a 




^Uch cleaner cut, more especially when the grain of the 
. is unfavourable. Fig. 26, which shows in section 
ipuths of a single, and of a double-iron plane will 
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explain the reason of tliis. It must be borne in mind that 
" the tendency of a cut to run with the grain of the wood 
in advance of the cutting edge, which Is sufficiently ob- 
vious in removing a thick shaving, exists also, though to a 
less degree, in the case of a ihin one. This results, when 
the direction of riie grain is unfavourable, in the continual 
tearing up of the fibres of the wood in front of the plane 
iron, to an extent which depends upon the thickness rf. 
ilie shaving and the frequency with which it is broken ; 
for the more often this is done the less leverage can 
it exert in tearing up the succeeding fibres. Now an" 
ordinary plane has ^ pitch of about 45°, i.e. the An/ upon 
which the iron rests is at that inclination, and this angle is 
insufficient to breiik a soft-wood shaving if moderately thin; 
so that although the shaving is smooth, the surface of the 
work is liable to be left rough. As a remedy it might be 
suggested to increase the pitch ; but this, though it wouU 
certainly improve the breaking-power of the iron, would 
tend to make it scrape instead of cutting. So recoun 
had to the double-iron, in whicli the duty of the top-iron % 
simply to break the shaving as soon as possible after it X 
been cut. By means of the screw {a, Fig. 25) which keepa 
them in contact, it can be set at any required distance fi 
I the edge of the bottom-iron, but the more closely it is set 
I the more often is the shaving broken, and the more power 
I has the workman to expend in the operation. It is ihMe- 
I fore set very close to the edge for finishirg cuts, when tbe 
I shavings are very thin, and farther from it when they are 
I thicker, the maximum being about j'^th of an inch. 
I We mentioned above that the ordinary angle of the bed 

I upon which the plane-iron reposes, is abovit 45' from the 
I sole. This is known as common-pitch, and is adopted for aB 
I surface or bmchplancs for soft wood. But for the hardei 
kinds of timber, in the working of which a nearer approadb! 
to a scraping action is admissWie, an \t\c.\ta.?fti -^vta' 
-adopted with advantage. My. B.o\\.mvtte\. ^\a\.«&'^ 
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angle of ihat known as York-pitch, which is used fo ben h 
j^anes for mahogany, wainscot oak, and other ha i and 
bingy wood, is 50°, that of middk-fitck 55° nd h ot 
wk^-pitcA 60°, these two being used for mouldmg planes 
B soft and hard wood respectively. The angle o he be el 
Rxluced by grimling the bottom iron of a plane is about 
V*, the small facet formed upon the oilstone having— as in 
K case of a chisel — a further inclination of some 10°, so 
Kt the actual angle of the cutting edge is about SS°- Upon 
^K maintenance of this angle, and upon the perfection of 
■edge, tlie performance of a plane-iron so greatly depends, 
Bit we shail do well to mention here the principal points 
■ich must be attended to in the important and frequently 
Rurring operation of sharpening a bench-plane. 
HXhe requirements for this purpose are : first, a grind- 
Bne, flat as to its edge or ' face,' true, and of good quality ; 
fcondly, a good and flat oilstone. Of the various kinds of 
Bine we shall have more to say hereafter. The wedge 
^bch holds the plane-iron having been released, — in the case 
Ba smoothing plane by one or two blows from a hammer 
Bmallet on the hintler end of the stock, in that of a jack 
Bother long plane, by similar blows upon its upper surface 
B|r the opposite extremity, — the double-iron can be re- 
Blved from the aperture in the stock. The iipper iron 
Kiuld then be separated from the lower by loosening the 
Hew (a. Fig. 25) and passing its head through the enlai^ed 
Bd of the slot in the lower iron. As already stated, the 
fc-iron, when oHce brought to its proper shape, requires no 
Bther treatment whatsoever, its sharp edge being only 
Bpessary to ensure its perfect contact with the face of the 
Bttom-iron, by which, when in use, it is completely pro- 
Hted. Laying this aside therefore, the operator confines 
H attention to the bottom-iron, grinding it when necessary 
Hh a single bevelled edge, inclined to the face at 25° or 
B^abouts, and in al] cases finishing kb-j TOtiti\T\f,\\.\!.^"^ 
Heiikteae, at ail inclinatioa of about 3^°. K& Ssl ^^^ (^^sa. 
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of a chisel, llie face or unground side should either be l^"-* 
altogether untouched, or should at most be laid perfectX^ 
flat upon the oilstone, and be slightly rubbed upon it. W<3 
attempt should ever be made to grind this side of the iron 
or in any way to impair its flatness. 

When an edge, keen, uniform, and at right angles to the 
sides of the iron, has been thus produced, the top-iron must 
be replaced, screwed up securely, and the double-irbn be 
returned to the stock. The wedge which holds it being 
driven up lightly in the first instance, the plane is then 'set " 
by a succession of taps with a light hammer upon the end 
of the iron, or upon the stock, according as the projection 
of the edge below the sole is insufficient or excessive. By 
; the eye along the sole from front to back, the 
amount of this projection can be easily seen. It must of 
course vary with the thickness of the shaving which it is in- 
tended to remove, the wedge being driven up when the 
desired set has been obtained. 

In course of time the mouth of a plane gets considerably 
enlarged, by which its power of breaking the shavings is 
diminished and its action interfered with. To remedy thifc^ 
the part of the sole immediately in front of the cutter is occaj' 
sionally made of iron. Cabinet- makers, who carry the use 
of the plane to the greatest 
perfection, use stocks which 
are wholly or in great part 
made of iron or brass. 
Some of these have a single 
iron inverted, instead of a 
double one, more especially 
if (like mitre-pianes) they 
are intended for planing 
across the grain of the wood, when no special precautions 
for breaking the shavings are required. The mouth of a 
plane of this kind is shown in section in Fig. 37, the 
stock being entirely of brass with the exception of a pieoe 
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Ivood upon which the iron is bedded. The angle of the 
^'i is in this case only 31°, but the reversed position of the 
'^^n, which is ground at an angle of zo'^and set at about 30°, 
"^kes it equivalent to a pitch of about 50". The extreme 
fineness of the mouth coiipietl with tliis increase of pitch 
Compensates for the absence of a break-iron in planing hard 
and cross-grained wood, even in the direction of its fibres, 
with a tool of this kind. In this as weli as in the pfeceding 
sections the portion of the blade which is left white ap- 
proximately indicates the portion of the ' iron' which is made 
of steel. 

The various forms of plane for special purposes are too nu- 
merous even for mention here. Amongst them are : mouldhtg- 




=□ -Plough 



Tig. z8), for 'running ' various kinds of beads, flntings, 
id other mouldings, which have their soles made of hard 
d and formed to the converse of the mouldings they 
e ; rebate-planes, in which the lower part of the plaue- 
is increased to the full \vidth of the sole, and is 
fcuently set obliquely ; and many others, of which the 
ps are single, and the performance more or less defective. 
: since the introduction of wood-moulding machinery, 
J occupation has in great measure gone. A very useful 
fe complicated form of plane is \h^ plough shown in Fig. 
Iwhich is capable of cutting grooves of varying widths, 
■ths, and distances from the edge of the work. 
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But we must pass on to what is perhaps the most indis- 
pensable of ail tools to the wood worker, viz., the saw. 
Though the forms of the teeth of different saws vary con- 
siderably, those in general use in this coimtry may be re- 
ferred to the three types shown in Fig. 30. The first of 
these (a) is the one usually 
adopted for the teeth of hand- 
saws, tenon- and dovetail-saws, 
and most of the others whidi 
e used single-handed, and it 
will best serve us in consider- 
ing the acrion of saws ta 
general. 

Each individual tootii may 
be not inaptly compared to 
' a very narrow chisel, which 
being passed with a light 
scraping action many times in 
succession over the material 
Jill produces a groove by the re- 
n!P' moval of successive portions 
of it Or we may even go a 
- step farther, and compare eadt 
tooth to the cutter of a plan^ 
the duty of the stock being 
performed for it by all the adjacent teeth. For, the points- 
of the teeth being (generally) in one straight line, they are 
compelled — like the plane-iron — to act first upon the pro- 
jecting portions of the material, the undue penetration of 
each tooth being to a considerable extent pievented by the 
fact that its depth cannot exceed that of its neighbours. 
But this tendency is not entirely removed, as it is in the 
case of the plane ; and it is therefore necessary — in making, 
' T instance, a horizontal cut — that the vertical pressure (of 
hat may be called x\\e fecdi?ig power) shall be properly pro- 
forthned to the horizontal force, T\v\s ■^to'gomciTiSs 6s,'«a.2 
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ined by the weight of the saw-blade, and the posirion of 
e handle with respect to the line of the teeth, though it 
n of course be increased or diminished by the action of 
it of the workman. Its amount must vary with each 
ariation in the front and back angles of the teeth, the 
Wmber of them in action at one time, the nature and direc- 
a of the fibres of the wood operated upon, &c., &c. ; so 
^t, considering how much difficulty its investigation would 
tesent, and how little profit, we shall do belter, in this, as 
I many practical questions of its kind, to seek tiie guidance 
T experience, rather than to attempt to assume the leader- 

r Much may also be leamt from the shapes and thicknesses 
T the various saw-blades, which will be found to be well 




Sited to iheir respective requirements, though they have 

sen arrived at without any aid from theorists. Thus the 

£/ (Fig. 31), which is intended for making straight 

5 only, has considerable width given to its blade; tut 

ismudi as it must be able to bear sufficient thnist to make 

E cut without having an undue tendency to bend at any 

jne point, it is made 'taper,' and not parallel throughout 

9 length. For in the latter case the blade would be weakest 

r the handle. The thickness is also to some extent regu- 

by the same consideration; for, provided that the 

pength be sufficient, the thinner a saw-blade is made, the 

bs material does it waste in making a cut, and the smaller 

r the amount of power which must be expended in the 

Thus fompass-saiiis (Fig. 32'), and Gftvet^ Vtaiift- 

g naxtow blades, so as to enable xiiem to sa.^ \ci<gA. ; 
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I curves of moderate radius, have much greater thickness 
I given to them than is necessary or desirable for hand-saws, 



[ so as to compensate for the diminished width, though this 
[ thickness is considerably reduced by grinding the back of 
I the blade ranch more than the front in tlie process of manu- 
[ facture, which is to some extent the practice with all taper' 
I saw-blades. From the position of the handle (Fig. 32), it ii? 
t-' evident th it it gives no feeding power whatever; that, in 
fact, pressure applied at the centre of the handle would force' 
the teeth away from the work, instead of driving them into 
To compensate for this, the teeth of these saws are made 
of the form a' (Fig. 30), for which less feeding force is re- 
quired, the remaining deficiency being supplied by the wrist,, 
assisted generally by the other hand of the operator. 

Back-saws (Fig. 33), which are strengthened by a piece of ■ 
iron or brass folded over the back of die biade, are able to 



rit33._Biu:kS.wa). 

I have the thickness very much reduced. This, together with 

f their great feeding power, in consequence of the handle being 

I so much above the line of the teeth, causes them to work 

with great ease, their tendency being to cut with only too great 

Bvidity, which the wrist is often called upon to resist. The 

depth of the cut being limited to the width of the blade, it 

I IB necessary to make saws of this kind parallel instead of 

IBT/Jerty/. 

y rcvcrsfng the teeth of a saw, so aa W TOoJ^tft cm. 
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during the backward instead of the forward stroke, the thick- 
ness and width for enabHng it to resist flexure is rendered 
unnecessary ; for, whereas a thrust has a tendency to bend 
the blade, a pull only tends to straighten it. But with a 
few exceptions — such, for instance, as the saws with thin 
curved blades, which have now superseded the cumbrous 
double-toothed pruning-saws of former days — this principle 
is only appUed in this country when the blade is stretched 
in some kind of frame. In all these bow-saws (such as Fig. 




Fig. 3f— Bow-Saw (J). 

34), the thrust is taken by the frame, and the pull or tension 
only by the blade, which can therefore be reduced, both in 
width and thickness, to any required extent. Saws of this 
kind are therefore used for sawing out all curves of small 
radius, for cutting metal, ivory, and other substances of which 
it is an object to remove as little as possible, and also 
in the endless-band sawing machines. Pit-saws and the 
smaller sizes of cross-cutting saws also frequently have 
ftames, and on the continent of Europe and elsewhere 
frame saws are advantageously used for many purposes to 
which they are not applied in England. 

Although the action of a saw is not to so great an extent, 
dependent upon the keenness of its teeth, as is a plane upon 
the VLCuteness of its iron, occasional sharpeivmg *\?, ol eo\a%^ 
necessary, and we shall therefore, as we ha\e akeaA^ ^'orc^a 
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in the case of the plane, give a brief sketch of the operation, 
though it is doubtless a familiar one to many of our readers. 
For this purpose an ordinary grindstone clearly cannot be 
used, and although a saw-sharpening machine has of late 
years been introduced, which enables the gullet-teeth of 
circular and other large saws to be ground on an artificial 
emery wheel, it has not at present done much to supersede 
the saw-file in their case, whilst for angular teeth it is not 
in the least adapted. 

For these, therefore — to which we shall confine our atten- 
tion — triangular, or three-square files ^ are invariably employed, 
on which account the angle between the face of one tooth 
and the back of the next is in almost all cases the same as 
those of an equilateral triangle, or 60°. Their forms, and also 
those used for sharpening saws with gullet teeth, are given 
in Fig. 55. In order to apply them conveniently, the saw — 
having been previously removed fi*om its frame, if it be a 
bow-saw — is fixed with its teeth upwards, in a vice, or a . 
sawing-horse, the latter, however, being seldom or never 
used, except for pit-saws. But whatever the form of 
holder, the object to be attained is to support the saw blade 
between two jaws of wood or other soft material, at as small 
a distance from its teeth as can be done without interfering 
with the free use of the file. This, before being applied to 
the individual teeth, should be removed from its handle, and 
passed lengthwise a few times along the points of the whole 
of them — those at the ends, which come in for a smaller 
amount of wear, frequently requiring to be lowered or 
* topped ' more than the others, in order to bring them to the 
same level. By this treatment, a small horizontal facet will 
be left on the point of each tooth. In filing each of them 
separately — which is the next step — its newly-formed point 
must be brought exactly to the centre of this facet, which 
can be readily done by removing a larger proportion from 
the face or from the back of the tooth, as may be required. 
77je file, /jowever, should not be ms^xted \xv\.o ^;x.cN\ ^\i^^^ 
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consecutively. When filing fine teeth it is advisable, and 
when filing coarse ones it is necessary, to do them alternately 
from opposite sides, and this is most easily efifected by 
omitting every alternate space in the first instance, then re- 
leasing the saw from the vice, turning it end for end, and 
filing those previously omitted. The file is seldom held at 
right angles to the saw blade, but is inclined to it both hori- 
zontally and vertically to a greater 
or less degree, according to the 
sofmess or hardness of the timber 
upon which it is to be used, the 
vertical inclination being about 
one half of the horizontal, as the 
diagram (Fig. 35) shows. Bearing 
in mind that (in fiUng angular 
teeth) the handle of the file should 
never be raised above its point 
—in other words, that the stroke 
should be upwards instead of 
downwards, and that the greater 
the noise the less is the efiect 
produced upon the saw — the 
reader will have no difficulty in determining for himself 
irtiich are the spaces which should belong to the first series 
and which to the second. 

But after the filing has been completed, the performance 
of a soft-wood saw will not be found to be satisfactory if 
attention be not also paid to setting it. This consists in 
slightly bending the teeth alternately to the right hand and 
to the left, to an extent which varies with the nature of the 
substance to be cut. The effect of it is to make the width 
of the cut, or kerf^ rather greater than the thickness of the 
saw blade, which thus encounters little or none of the re- 
sistance from * binding,* which would result if both the blade 
and the cut were of exactly the same width. ¥\^. "^j^ '^cyw% 
±e back view of a saw, by which a workmaiv e^amm^^ ^^ 
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56 



Workshop Appliame^. 



[CHiO'J 



amount and the evenness of its set \ and also a portion 
he same in section. 

There are various ways in which the 
can be given to the teeth, of which that 
most invariably employed by the saw-makaiy 
is undoubtedly the best in skilful hands, 
consists in laying the toothed edge of 
saw-blade upon a small stake, or anvil, 
a long and sharply-curved surface, which wheaj 
in use is fixed in an ordinary vice. On^^ 
or two blows from a light, narrow-faced hamk; 
mer then suffices to bend each alternate tooA 
dowTiwards, to an extent depending upon die 
curvature of the anvil, and the position of thel 
tooth upon it When half the teeth havej 
been done in this way, the saw is turned end ^ 
for end, and the other half is similarly treated. ^ 
Joiners and others who are users, but not .' 
makers, of saws, generally employ some kind '" 
of scnuset in preference to the saw-setting 
hammer. In its most simple form a saw-set ' 
may be merely a piece of steel plate of a . 
thickness not exceeding the width of the saw- ; 
tooth, having in its edge a parallel-sided notch, 
equal in width to the thickness of the blade. 
For convenience, however, a saw-set is usually • 
provided with a number of notches of varying 
widths, so as to enable it to be used for 
s;\w-Mades of different thicknesses. The saw to be ope- 
rated upon is fixed with its teeth upwards, in the same 
uianuor as for filing, and the teeth, separately inserted a 
slu>rt distance into a notch of suitable width, are alternately 
hont in opposite directions by raising or lowering the handle 
ot* the s;uv-set To do this equally to all the teeth without any 
khn] of stop or guide is by no means au easy task^ and since 
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nnfonnity of set is of great importance, some less simple form 
if saw-set is generally required to produce satisfactory results 
m inexperienced hands. The addition of an adjustable stop 
to the notched form of the instrument just described, is of 
some assistance, as it prevents the teeth from being bent to 
different angles ; but those known as patmt saw-sets, by which 
^ teeth are clipped between the jaws of a pair of pliers of 
peculiar form, are provided with adjustments which leave no- 
. thing to the discretion or the indiscretion of the operator. 
In others, again, a kind of miniature swage is held up by a 
qpring over a small stake or anvil, upon which the saw-block 
tests. A single blow from a hammer at the top of the swage 
completes the set of each tooth, perfect uniformity being en- 
sured by adjustments which regulate the inclination of the 
Wade and the distance to which it can extend on to the 
anvil These saw-sets, if made more generally applicable to 
I saws of various shapes and sizes than they are in their pre- 
\ sent form, would probably be found to be more speedy and 
effectual than any others. 

As a test of the uniformity with which the operations of 
setting and sharpening a saw has been conducted, it has been 
suggested to place a needle in the angular groove formed by 
the tops of the teeth (which appears in the sections, both in 
Fig. 35 and Fig. 36). On gently raising one end of the saw, 
&e needle should run from end to end without leaving the 
groove. 

Although our mention of the setting of saws has been de- 
fended till after the subject of filing them had been dismissed, 
this order is not that which should be followed in the jrocess 
of sharpening. If indeed so large an amount of topping be 
required as almost to amount to re-forming the teeth, the 
course adopted in the original manufacture — in which they 
are filed to their true form, set, and then again slightly filed 
to sharpen them — may of course be advantageously employed; 
but in ordinary cases, setting should precede fiXm^. T\v& 



' burr ' thrown up by the file, which has much lo do with 
the keenness of a newly-sharpened saw, is then retained un- 
injured. In fret-cutting and some other kinds of saws this 
burr constitutes their only set ; but as the prevalent practice 
is lofile such teeth from one side only, instead of altematdy 
from opposite sides, these saws have the tendency to 'draw,' 
instead of making a straight cut, which is always the result 
of giving more set to one side than to the other. 

In concluding our notice of this invaluable instrument, WB 
subjoin a few particulars of the saws which are most likely 
to come under the notice of the reader, extracted partly from 
the second volume of Mr. Holtzapffel's work, already 
ferred to. (See table on next page.) 

Of the wood-tools generally used for boring, some 
which next demand our attention, the hrad-awl {Fig. 37) 



seems to claim precedence; not, indeed, from the perfec- 
tion of* its performance, but because, being very simple in 
its form and speedy in its action, it enjoys a sort of 
monopoly wherever small holes have to be made in soft 
wood. AVhen properly placed, with its edge across, and not 
in the direction of the fibres, so that it may cut them instead 
of merely forcing them asunder, a sharp brad-awl — espe- 
cially if driven with a hammer or mallet instead of being 
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ked by hand — will produce in deal and other loose- 
id woods a fairly clean and circular hole, without much 



See Fig. 30. The forms there given are general examples only, 
not accurate representations of either the sizes or the angles of the 

Fish-bellied, having its greatest width at the centre of the blade, 
h somewhat resembling B, and various others are also used. 
Expressing the thickness in thousandths of an inch. See p. 24. 
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danger of splitting, as Fig. 38 will serve to explain. For 
boriog hard woods, which rttquire a portion of tbeir sub-, 
stance to be removed, brad-awls are not adapted, as they 
have no means of effecting this. Recourse is then generally 
had to xht plain gimlet, or to the twisted gimlet (Fig. 39)^ 
although in this latter the strength is insufficient for boring 
woods of which the hardness is excessive. The size of gimkB 
like those shown in the figures does not in general exceed 
I of an inch; others, however, resembling the screw-auget 
(Fig. 41) are as much as J of an inch. The pointed screw Iq: 
which they are made self-feeding, has considerable tendency 
to split any wood that is given to splitting, and the insuf- 
ficient size of the groove to contain the whole of the mati 




rial displaced causes a gimlet soon to become choked. 
This necessitates its frequent withdrawal when boring 
deep hole, whereby its naturally slow action is renderee 
slower. At best, indeed, this tool is far from perfect, th( 
expenditure of both time and power being out of all pro 
portion to the effects produced. But it is perhaps to th< 
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lerfections that we owe the introduction of pointed wood 
, which are a very great improveraent on the old- 
pioned ones with blunt ends, 

J'he principal tool for boring holes, of which the diameter 
Ithe depth is too great for a gimlet, is the auger. The 
and also the screw-auger — which has to a great 
tent superseded it for boring soft wood — are shown in 
I. 40 and 41. But for hard woods their great strength 
Ekely to enable shell-augers to hold their own, in spile of 
^ advantages which their rivals possess in being self-feed- 
wt, capable of being worked with much less power, and not 
[liable to become choked. The cutting ends of a shell- 
Rer and two kinds of screw- 
r are shown enlarged i: 
e figures. For fixing the 
\ handle, by which 
■ requisite leverage for work- 
I an auger is obtained, the 
(per end of the stem is either 
a out to a tang of great 
B.th but slight thickness, 
^ch can be driven through 
e of the handle and 
tnched; or an eye is formed, 
1 which it can be 
In the engravings the 
til-auger (Fig. 40) is 'tanged,' 
ew-auger (Fig. 41) 
feeyed;' the tang being al- 
i placed with its greatest 
9th across the grain of the 
bd, so as to reduce the risk 
(plitlingit, Occasionally the Yir, <i —Screw-Augers m 

g is made square, like that 

jL brace-bitt, which enables one handle to serve for several 
The diameter of the cutting part of an. au%<{x 



generally ranges from f of an inch to 2 or 2\ inches. Shell- 
augers of 3 inches diameter and upwards were formoly 
used for boring wooden pumps and pipes, but with thent 
they have now ceased to be manufactured. Shell-augers 
when once started — an operation in which they require the 
assistance of a gouge or other tool — are kept straight in 
their course by the guiding power of the hollow paralld 
'shell,' which extends for some inches above the cutler. 
But the friction thus produced consumes so much powe^ 
especially in the larger sizes, that it is more advantageous to 
bore a hole of large diameter in two operations ; fiist 
making a small hole, truly concentric with that required, and 
afterwards enlarging it by means of j 
tool on the same principleas the plug-bilt 
shown in Fig. 45. This, however, doe$ 
noi apply to those screw-augers whidl 
have two cutting edges, the resistance 
encountered by one edge being equal 
to that met with by the other, so that 
the whole tool is in a state of equili- 
brium, and Uttle or no guiding is re- 
quired. We shall revert to this subject 
in connection with the drill (see Fig. 6o), 
None of the preceding tools are 
well adapted for fine work, in which it 
is essential that holes should be per- 
fectly smooth and accurate. For these 
purposes a brace and set of bitfs offer 
great advantages, not the least of which 
is the number and variety of boreis 
which can thus be carried in a small 
space. The English pattern of bra/t 
(or stock) is shown in Fig. 42. It is 
usually accompanied by a set of from 
one to three dozen bitts, of which the 
following are the principal ones : — 
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Qiiill'bitts {Fig. 43), for boring across the grain of the wood 
only, which they do both well and quickly, cutting the fibres 
instead of tearing them apart. These, and almost all other 
brace-bitts, are fed by the pressure of the chest of the work- 
^'lan against the lop of the brace. 

■Nose-bitls (Fig. 44) differ only from quill-bitts in having at 
"leiV extremity a transverse cutler, which enables them to be 
Used /or boring in the direction of the grain. They much 
'^semfaie shell-augers. 

Ceti/re'l>Ms (Fig, 45), for boring holes of small dejith (up 
'° about two inches in diameter) at a single operation, or 
^ihei hy two distinct operations which are carried on 
''toii/ianeously, consist of a triangular pin or 'centre' 




R^ff on one side a knife-edge or 'nicker,' and on the 
ooosvte side a ' cutter.' The distance between the centre 
°lsA tbe outer face of the nicker is exactly equal lo the 
radius of the hole produced, the width of the cutter being 
lallier less than this. At each revolution the nicker makes 
a dean circular incision, and from the space enclosed by it 
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the cutter then removes a helical shaving, wliose lliickness 
depends upon the pressure appHed to it The efficiency of 
this too! is much greater when it is used across the grain of 
the wood than in the direction of it. For boring a large 
hole concentric with an existing small one a centre-biti is 
not adapted, unless the central pin be enlarged so as com- 
pletely to fill the hole which is to be followed. It is then 
called a plug-bitt, but it is a tool of more special than genei^ 
application. 

Besides those above mentioned, a set of bitts generally 
contains several taper-bills or rimers (of which Fig. 46 shows 
that used for wood), countersinks, for enlarging the entraaa 
of holes to admit the heads of screws, of which Fig. 47 
shows two kinds, and one or more screwdriveis ft "~ 




Tr.p«.Bkt (i). 

the brace. Many other bitts are also much used, tl 
not included in ordinarj- sets. Such are spiral-bitts {re 
sembling Fig. 41) ; spomi-hitts (Fig. 48), and various kinds 
expanding centre-bills \ but to describe, or even to enumerate 1 
the boring and other cutting tools which are employed in I 
the various special wood-working trades in this country^ J 
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would carry us very far beyond our limits, The small 
number of which we have been able to give figures or 
descriptions have been selected as being good examples of 
the various tj'pes, which — with but one or two exceptions — 
are of common occurrence. 

But we are unwilling to take our leave of wood-tools 
without reverting to the subjects of grinSing and setting 
their cutting edges, necessary operations which should 
be among the very first lessons of the beginner, and which 
cannot be neglected with impunity by the oldest and most 
skilfiil liand. 

On attempting, for instance, for the first time to sharpen 
his plane-iron in the manner already described, the reader 
will almost certainly find himself beset with difficulties. 
Assuming that his grindstone runs perfectly true and that its 
lace is neither ' hollow ' nor 'round,' the selection and main- 
tenance of the proper angle at which to hold the tool will 
be found to be far from an easy matter, any variation either 
in its height or in the angle at which it is applied to the 
stone causing a fresh facet to be formed upon it. The 
tendency is thus to grind the bevel convex, and this must 
be carefully resisted by obliging it constantly to keep the 
same position. When this has been successfully accom- 
plished, the facet will be slightly and uniformly concave to 
an extent which will vary with the diameter of the grind- 
stone. Attention must also be paid to forming the edge of 
the tool square to its sides, by keeping every part of it 
evenly pressed against the stone ; which is most easily done 
by placing the fingers of the left hand on its upper surface, 
as nearly as possible over the centre of the bevel which is 
being ground upon its lower one. The amount of pressure 
which must be applied will of course vary much with the 
width of the tool, and it will also be influenced by the 
direction in which the grindstone is revolving, more being 
lequired when its upper portion moves away from the 
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operator, and less when it nins towards liim. In tlie lattei 
case, however, the edge of tlie tool is more liable to catchj 
and thereby to damage both itself and the face of tiie stone , 
whilst in the former a wire edge somewhat difficult oi it- 
moval is thrown up directly the grinding has been continue 
sufficiently long to obliterate the small facet previously left 
by the oilstone. An obvious remedy for this is to discoil^ 
tinue the operation before the grindstone quite reaches ^' 
cutting edge, whenever the removal of notches or other 
inequalities does not necessitate its continuance. In the 
case, therefore, of such tools as after being ground are to bQ 
finished upon an oilstone, the direction in which the stoB^ 
revolves may be said to be immaterial ; for others — suchaic 
turning tools for metal — of which the cutting edges Sft 
wholly produced upon the grindstone, it is preferable thatll: 
should be driven towards the operator. 

Since the difficulty of grinding edge-tools properly fe 
enormously increased if the grindstone be allowed to lOSfi 
its true cylindrical form, o f s face be -om unequally, cart 
should always be taken to gua 1 a^a nst this by giving a sloff 
lateral motion to a tool hil be ng ground. Neglect 

of this in the case of those h ch are flat, but of small 
width — such as chisels, S.c — soon esu s in the formation (^ 
a hollow at the part of the stone at which the work is chieftjf 
performed, which causes it to give a curved instead of J 
straight edge to those.— such as plane-irons— of which tl« 
width is greater. These indeed cannot possibly be ground 
correctly, if the centre of the grindstone face be won 
hollow to any considerable extent. 

In grinding carpenters' gouges and other tools of whicK 
the bevelled edge is curved, this traversing motion 
even more necessary, for if held constantly in the sa 
position they very rapidly ' score ' the face of the stone 
and make the commencement of a groove, which is not 
easily got rid of Where much use exists for gouges 
any kind of tool of which the convex surface reqtu 
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H^ frequently ground, it is preferable Co devote a se- I 
^Ke stone to them and to allow its face to become ■ 
^Eved. When their edges, although curved in one 1 
Hction, are straight and at right angles to their length, the J 
Wqiured curvature can be easily given by constantly tuming.J 
the wrist of the right hand, in which the tool is grasped, ■■ 
backwards and forwards through a larger or snialler arc of *■ 
orcle according to the amount of the curvature. Gouges,- B 
however, are ground occasionally on their concave instead of* 
CD their convex sides, and for these as well as for various-B 
moulding and other tools, grindstones, if used at all, mustm 
have corresponding projections turned upon their facefcj 
But in such cases— as also in sharpening the generality of« 
boring tools, Slq.. — the grindstone is frequently abandonecj'l 
m favour of the file ; or recourse is had either to an iron of ■ 
wipper lap charged "ith emery powder, or to the saraej 
liaterial in the consolidated form of an anery ■wheci. ■ 

In order to prevent the temper of edge-tools from beinyj 
injured by the heat generated in grinding them, and also to"! 
<^iear the grain of a grindstone from the detached particles J 
'^ sand and steel, a constant supply of water is required.^ 
Small stones, of which the rapid revolution causes any e.vcesjm 
•o be thrown off by centrifugal force, are most conveniently™ 
Applied by allowing a small quantity to drip upon theipB 
'aces, whilst those of larger diameter are generally allowed.B 
to dip into some water contained in a trough placed below 1 
ftwi. The chief disadvantage of this arrangement is th^^ 
tanptation which exists to leave the stone standing in the^ 
*aier whilst at rest, of which the result is to soften it andV 
to cause it to wear unequally. If at any time from this or^ 
from other causes a grindstone betrays any eccentricity, the-'S 
- process of turning up, though not perhaps an agreeable one,. J 

(should at once be performed. If deferred, the evil wiU'^a 
aiways be found to increase, until at last it becomes iotolet- J 
able, and 'hacking' (i.e. dressing off the more prominerCT 



parts with a hack hammer) must be resorted to. 
indeed the best method of correcting large grindstoi 
whether much or little has to be removed from their iiu 
but for small ones it is only necessarj- in extreme casea 
which it is preliminary to, but not a substitute for tumi 
For this latter purpose the stone should be dry and she 
be driven slowly, the tool, which is generally a wom- 
three-square file, being held with its point slightly incli 
downwards upon a rest fixed as closely as possible to 
face of the grindstone. The triangular section of the 
enables a fresh edge to be brought into play bymerelyti 
ing it over as soon as its upper edge ceases to cut 

Of the various kinds of grit-stone which are i 
grinding, that known as Bihton (from the place of ! 
name in Staffordshire, where it is extensively quarried) ia 
far the- best suited for sharpening the generality of et 
tools, having a fine and quick cutting grain without too gi 
hardness. Others obtained from Northumberland, Y( 
shire, Derbyshire, &c., are much used in the manufactun 
cutlery and liardware, but for the most part (although t 
vary considerably,) they are of coarser grain, and coi 
quently require to be driven at a much higher speed. 
grinding the concave facets of moulding tools, and forst 
special purposes for which great smoothness of grain is 
quired, thin discs of a good but costly kind of Bolim 
stone are employed. Kecently Mr. Frederick Ransome 
turned his attention to the manufacture of grindstones 
the artificial process with which his name is conneO 
These are reported as having certain advantages over 
natural stone, and amongst others that of a reduction in 
first cost of the grindstone. 

The hones and oilstones available for setting the edge 
cutting-tools form a nrfuch larger class than the stones u 
for grinding them. But although these are obtained fi 
tnaiiy parts of the globe they for the most part occur eil 
within very narrow limits or in comparatively small piece 
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^Hbis indeed being more especially true of some of the best 
^Bsriedes. On this account they are rarely mounted and 
^^ped in the same manner as grindstones, although if they 
^Hfere obtainable in equal abundance this would probably be 
^^Bc general practice. As it is, the workman is obliged to 
^^BBtent himself with a rectangular piece from five to nine 
^^pches long, upon the surface of which he produces a small 
^Heet at die extreme edge of his plane-iron or other tool, by 
^Hpbing it briskly backwards and forwards as nearly as 
^Bsssible along its entire length. To prevent an oilstone 
^Bt>ni getting broken — an accident to which some kinds are 
^^piy liable — and to protect its oily surface from dust, it sliould 
^W*!iys be mounted in a piece of hard wood and be provided 
^Hlh a cover. 

^Bln theory the operation of setting a cutting- tool —like 

^Bn of grinding it — is simplicity itself; being merely the 

^^pOation of two Hat facets inclined to one another at a 

^^^^in angle, their intersection forming the cutting edge ; 

^Bi indeed in tools which are ground with a single bevel it 

^^Poly necessary to produce one of these facets, the flat 

^Bn>und side taking the place of the second. But in prac- 

^^E there is great difficulty in continuing the operation just 

^Bbng as to obtain the complete intersection of the facets 

^^*11 parts of the edge, without anywhere throwing up the 

■"•^y filta already mentioned, which is formed upon the oil- 

^slc*ug ag ,yeii as upon the grindstone. Its presence, how- 

r, is quite incompatible with the possession of a keen 

^ durable edge, and its removal must therefore be effected 

r it occurs ; which may be done, though not very 

lily, by drawing the edge across a piece of soft wood, or 

» the thumb nail. In any tool ground with a single bevel, 

jfht treatment of the unground side also upon the oil- 

me will be found to assist in removing the wire edge, but 

E-Soing this care must be taken to keep it flat on the stone 

bd i^ no case to form a facet on its edge, which, as already 

ipinted out, in almost all cases is a certain method of 
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destroying its efficiency. Chisels and other straigl 
tools, when being set, are best held in such a manner thai 
the direction of the motion of the hands is nearly but n 
quite at right angles to the line of the cutting- edges, as m 
be seen in the operation of setting a plane-iron, which ii 
represented in the engraving, Fig. 49. But in tl" 
carpenters' gouges — ^which we have before taken as the type 
of edge-tools with this kind of curvature — it is preferable U 
set the edge by moving it in the direction of its length. Foi 




this purpose the rigjit hand, in which the tool is grasped, is 
held considerably to one side of the stone, every portion 
the edge being then brought into contact with its surface at 
each forward or backward stroke by means of a similar 
wnst motion to that given in grinding it. Concave facets, 
which of course cannot be produced upon a flat stone, are 
formed by means of oil slips, which are merely thin pieces 
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of oilstone of which the edges are rounded with the required 
curvature. 

The chief points which require to be attended to in con- 
nection with an oilstone are : ist, the maintenance of its 
flatness, which it always loses with use, owing to greater 
wear taking place at the centre than at the ends. It must, 
therefore, from time to time be surfaced by grinding it 
down on the side of a grindstone, or with fine sand and 
water upon a flat stone or metal surface. Secondly, its 
cutting power must be preserved ; the coagulation of the oil 
upon its surface frequently either wholly destroying or greatly 
iDtetfering mth the abrading action of the particles of silica, 

\ to which both grit-stones and oilstones owe their property 
of acting upon hardened steel. For this the best remedy is 

\ to rub the face occasionally with a lump of moistened 
pumice-stone. In every well-regulated workshop, both 
grindstone and oilstone should be constantly kept in a state 
of efficiency, and be ready for use at any moment. 

The following are the principal kinds of hone and oil- 
stone from which a workman is likely to be able to make 
his selection — the order in which they are placed being 
approximately that of their abrading power; those at the 
top of the list being the "fastest cutting,"' a quality which 
is generally accompanied by a want of fineness in the edge 
produced. 

1. Washita Oilstone.^ — i very compact white sandstone, 
of rather recent introduction, almost resembling Carrara 
marble in appearance. Although it does not greatly differ 
in price from Turkey stone, its much greater imiformity 
and slightly more rapid cutting property cause it to be in 
more favour with carpenters and others, with whom coarse- 
ness of edge is not an objection. 

2. Turkey Oilstone.— When of good quality no better 
substance can be employed for setting tools for which great 
fineness of edge is not required, since it cuts, the hardest 
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steel with avidity even when hut little pressure is applied 
At the same time it is of a close grain, and is not easily 
scratched. Unfortunately it is very variahle in quality a 
is also in colour ; the latter, which is called 'while,' 'grey,' 
or 'black,' being generally a veined mixture of differettt 
shades of bluish and brownish grevs. Itscost is about thiee 
times that of the stone next menrioned. 
,■■ 3. Chamley Forest Stone. — Found near Mount Sorrel, in 
■ Leicestershire, This is the best of our native oilstones, and 
has long been a favourite with carpenters and others, thfll 
from the Whittle Hill Quarries, which is of a grey colour, 
dappled or streaked with red, being considered to be the 
best. Till lately this has hardly been obtainable — the only 
representative of Chamley Forest stone being a rather 
hiferior one with a decided green tint Both of theia, 
however, give a very fairly fine edge, but do not cut quite 
so rapidly or with as slight pressure as Turkey. 

4. Canada Oilstone. — A very fine porous sandstone of a 
greyish white colour, which has been recently introduced. 
Being nuch less compact than any of the preceding stones, 
it is much more rapidly worn away. Its first cost is, how- 
ever, rather less than that of Chamley Forest. 

5. Grecian Hone. ^ Under this name a slaty stone is 
imported, which is of a greenish colour, and although said 
to be superior to Welsh oilstone, does not greatly diff^ 
from it in appearance. 

5. Welsh Oilstone. — A hardish stone of a green colour 
and slaty texture, inferior to the Chamley Forest for joiners' 
use. In price it is about the same, as also is the Grecian 
hone. No. 5- 

7. Arkansas Oilstone. — Cuts slowly, but is very superior 

to all those above mentioned for giving a fine edge to 

surgical instruments, &c. Although extremely costly — its 

price being about four times that of Turkey stone— 

'- extensively used for such purposes. Jn colour it resembles 
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L oilstone, but it is of veiy much finer grain and 
■s away very slowly. 

. German Hone. — Thin slabs of a very soft yellow stone, 

Baented upon a rather harder but similar materia! of a 

e-blue colour, are imported and sold under this name. 

e extreme softness of the former renders it almost useless 

\ such edge-tools as we have been considering, although 

S well adapted for setting razors, to which it imparts an 

i of great smoothness and delicacy. 

esides the above, some other kinds of stone, which 

■uire to be used with water instead of with oil, may be 

(ployed for sharpening edge-tools. Such is the Water of 

X Stone, which requires to be kept constantly moist to 

Svent it from becoming hard. Its chief use, however, is 

Bsmoothing marble, copper, &c 

Tie oil applied to an oilstone should have the same 

llity of resisting the action of the air as that used for the 

Q of machinery ; sperm, neat's-foot, and olive oil 

g well adapted for it 

e closing this chapter we should mention one other 

pd-tool which differs from all the others both in the form of 

fdge and in the treatment by which it is produced. This 

Be wood scraper, which consists, as appears in Fig. 50, of a 

I rectangular steel plate, cUpped upon one of its longer 





■s by a handle of peculiar form, which is easdy remov- 
Its ed^e, a section of which is shown tomiAi e.'tfa.t^e.i 
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1 Fig. 51, is fiist brought exactly to a right angle by being 
set upon an oilstone (it then resembles the upper angle in 
tlie diagram) ; after which a slight and iintfonn ' burr ' is 
thrown up by passing along it the rounded back of a gouge, 

P the stem of a large brad-awl, or any similar piece of hardened 

[ steel. 

A glance at the figure will explain the action of this 
biUT, which, in fact, forms an actual and somewhat delicate 
cutting edge, which is very effective in gi^ng a smooth sur- 
face to hard and cross^ained wood. The natural fracture 
of a piece of window glass, which was formerly used for 

I scraping, and in which, of course, no burr can exist, is much 
less satisfactory for this purpose, even in cases in which the 
impossibility of thus obtaining a really straight edge may not 
be an objection. 

But when ground, sifted, and glued upon paper or clo^ 
glass is a most valuable assistant to the worker in wood. 
With glass-paper or glass-doth tlie final smoothing of the 
more finished kinds of wood-work is almost always per- 
formed, the method of applying it to flat surfaces generally 
being to fold it over a piece of cork with a flat rectangular 
face ; and similar means applicable to curved surfaces wiH 
readily suggest themselves. To tlie turner and the polisher 
glass-paper is almost indispensable — tlie following being the 

■ sizes generally used in London : — No. 00 or ' Flour ' (which 
is the finest); No. o; No. i ; No. i^; Fine 2 (orF a) ; 
Middle z (or m 2) ; Strong 2 (or s z) ; No. i^ ; and No. 3 
(whicli is tlie coarsest). 
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CHAPTER III. 



ON HAND-TOOLS USED FOR METAL. 

0-TOOLS such as those of which we have been coi 
; the fonns and the modes of action, although tli(j 
; employed with great effect in the treatment « 
r and other materials which do not greatly exc£ 

I hardness, would be powerless to perform the mcM| 
■re labour of cutting and shaping cast or wrouj 

or steel — operations which form by far the larger porti^ 
he practice in engineering workshops. In all the mo^ 
lous of these, indeed, the machinist avails himself of ^ 
fcioas machine-tools to which we have already alludedJ 
' which will be subsequently described in detail— 
e their invention and introduction the comparativ^ 

II amount of working in the harder metals which i 
e at all, was performed with the aid of hand-tools oid 

e for the most part are still retained, though their dutU 

Jwithio a smaller compass ; we shall, therefore, devote € 

mt chapter to noticing them in a slightly less cursrt 

iner than that in which we have been compelled t( 

subject of wood-tools — their much smaller numbj 
idering this possible. 
~tne great distinguishing feature of all cutting-tools f 
I and the harder metals is the much greater thickneg 

s given to their edges ; their cutting angles bri 

a 50° to as much as 90" ; whereas those of wood-toc 

e have seen, rarely exceed the smaller of these angltSj 

d are for the most part much below it An example '■' 

s may be seen in the various forms of chipping chisel, 1 

I the edges when intended to be used upon wrought 
n are ground to an angle of 50° j and when cast iron has 
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to be operated upon. lo an ajigk of 60° ; although ihin edges, 
I ir they could be made to stand (which they cannot), would; 
I uniioubtedly require a smaller amount of power to be ex- 
l peoded in making a cut in both cases. 

I Id working the harder metals by hand, the chipping chitdy 
I driven by a succession of blows from a hand 
I ^^ (ordinary forms of both of which ai 

I ^k^^^^^^ shown in Fig. 52), constitutes a muc 
\ I^^^^P*^^ tnoie important tool, and one which is t 
[ ^1 much more frequent requisition than it 

■ ^1 representative among wood-tools; tji 

I ^1 ^K hard and stubborn nature of these mate- 

I ^1 ^1 rials entirely forbidding the use of ao^ 

I ^1 ^1 cutting-tool coiresponding to the axe, 

I |H ^1 with which the first roughing-out of tim-' 

I IH ^1 ber is effected ; and although it might be 

I |H ^1 thought that by careful forging and Cast^ 

I IB ^Ri ing the desired forms could be prodt 

I |H pH w-ith such accuracy that no after-treat- 

I IH W= ™ent except filing should be necessaiy- 

I |H ^B and this is in great measure true of foig- 

I J^^ ^^ '°S^ — ^' '^ ^'"' from being the case with 

I il castings. And here it should be noted 

I H '^^^ throughout these pages, when forg- 

I ings and castings are spoken of, thejr 

i ^'S:.5'~f^™"'"="'' refer to works in wrought and cast 

I Chipping Chisel (1). , • ,.L 

iron only, except in the rare 

which other metals are specified. Castings then — which are 

- produced by pouring melted iron into sand moulds — always 

' have their surfaces hardened by the chilling effect of the 

i moulds, and in addition are more or less covered with 

obstinately adherent particles of sand. These causes com- 

I bine to give them a hard 'skin,' against which the teeth of a 

file are almost powerless, so that every part of a casting 

which IS to be filed up, requires, as a preliminary step, the 

fewovai of this skin, oral least of ihe sa.ui ■«\\\ch.\t oaa. 
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This is generally done by cutting away the whole 
surface to the depth of about bV of an inch with a chipping 
diisel of about the size and width of edge represented 
ibove {i.e. from 6 to 8 inches long, and from | to i inch 
side) ; but in the treatment of large surfaces the operation 
IS mucJi facilitated by first making a series 
of parallel grooves with a cross-ail chisel, 
of 'Which Fig. 53 is an example, though its 
fi^Ee may even be much narrower with 
advantage. Its width regulates that of the 
grooves, and their distance apart should not 
^Jtceed the width of the chipping chisel, 
'"th which the intermediate portions of 
"Je material are to be removed. When 
t^all V-shaped grooves have to be cut 
^'th a chisel, its shape is modified accord- 
PBiy ; the single bevel with which it is Fic. sj.— Cross-oit 
f'Wod presenting the form of a ' lozenge,' ^'""' ^^ 

'diamond'; on this account it lias received the name 
\ a Diamond-point. The weight of the hand hammer 
Mlnarily tised with a chipping chisel varies from one to 
'"I pounds— its form also varying according to the fancy 
l^ttte workman. 

Tie depth to which the edge of a chisel penetrates is 
Ulated by the strength of the blow and the angle at which 
I is held. Since, in the choice and maintenance of the 
Ptter, the angles of the double-beveiled edge render little or 
> assistance — in other words, since it possesses so very 
Qount of guiding power — it is not to be wondered 
L*t that proficiency in the art of using a chisel can only be 
p acquired by practice. Among other points a begiraier 
' should remember ;— First, that the edge of a chisel may 
I be slightly rounded with advantage, so that its comers may 
\ sot have a tendency to score the work or be easily broken 
Loff; secondly. ih;it in ojjerating iiptni SlU^' swrfice. -^S ■w'w.Kbi. 
" ; width exceeds tJiat of the chiae\, tiae We. qI ^&s*i«*^ 
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should for the same reason be kept constantly convex j anck 

thirdly, that if he desires to avoid coLisions between hisl 
lianimer and his knuckles, he will do well to keep its £ac^ 
and the end of his chisel free from grease. 

For large castings, or for portions of them from whid 
considerable quantity of metal has to be removed, Fl<^ 





Chisels, which are held in hazel rods or ' withes ' by one 
man and struck with a sledge hammer by another, are sub- 
stituted for the ordinary hand chipping chisels. But is 
many cases the skin of a casting is removed by grinding, olr 
by 'pickling' it with dilute sulphuric acid, which dissolves 
some of the iron and thereby releases the particles of sand; 
either of which methods renders unnecessary the tedious and 
exjieasive- process of chipping. 
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We next come to the consideration of FUes^ which in their 
ilmost endless variety constitute by far the most indispen- 
sable of all the cutting-tools which belong to tlje present 
chapter. In technical language, indeed, they are not com- 
prehended in this term, any more than saws are included 
amongst the edge-tools used for wood; but we cannot see 
that any good purpose would be served by excluding either 
the one or the other from the positions which they now 
occupy in the present work. Although the use of files is by 
no means confined to the working of metals, some kinds — 
as we shall see — being but little adapted for the treatment 
of hard materials, yet this constitutes by far the larger pro- 
portion of their duty. On this account we have hitherto 
■ omitted all mention of them, preferring to group together 
; the whole of those which can be noticed within the narrow 
[ limits at our disposal. 

! For the complete description of almost every individual 

j' file, five different properties must be stated : — First, its 

j length ; secondly, its contour ; thirdly, the form of its cross 

\ section ; fourthly, the kind of * cut ' by which its teeth are 

' fomied ; and lastly, its degree of fineness. The examples 

represented in Fig. 54 will explain this ; the first of them 

' being a 9-inch, taper, flat, bastard, double-cut file; the second 

a 9-inch taper, half-round smooth rasp; and the third a 6-inch, 

taper, three-square, second single-cut saw-file. With these 

characteristics we will deal seriatim. 

The length of a file is measured in inches from the 
shoulder to the extremity, the tang or point for driving 
into its handle not being included. 

' The contour is described hy Xh^itrins, parallel {ox bhint), 
and taper (or pointed)^ which explain themselves. But 
* parallel' includes all files of which the width is tolerably 
nniform throughout, although the thickness may be con- 
siderably greater near the centre than at the ends. Indeed 
veiy few Ales have their section really equal throug\vo\i\. \!cv€\\ 
'eiigtb. Files are sometimes said to be more ox \es»'3» bellied 
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according as they are much or only slightly tapered. In t 

latter case ihey may also be described as blunt-pointi 

E:iamples of both taper and parallel files will be fom 

in Fig. 55, which giv 

the outline of those geo 

. rally used for sharpeni 

E F7^ ^ ^ saws. 

In Fig, 56 types of nw 

E F c H of the file sections in ct>J 

O ^ -^^B^v ^^ tnon use are given. Tb- 

are known by the followii 

K L M N names : — 

A '"'^ B ^^31^ ^ Square jUes,-9Mz!a9 

V made both taper and p£ 

allel. They frequently la- 

Fig. 5S.-SK™n5ofFUa. one Ja/t Side J i.e. one di 

left smooth. 

E. Flat files, amongst which a large proportion of the fit 

used for mechanical work must be included, although mat 

of them have special names by which their variations ; 

width, thickness, and outline ate distinguished. Such are :- 

Hand files, which are nearly parallel as to their width, b 

whose thickness is far from being uniform throughoi 

Taper fiat files vary to a still greater extent in thickness, ai 

also have their sides ' bellied.' Parallel Itand files approai 

more nearly than hand files to uniformity of thickness ax. 

width, and equalling Jiles attain to it in point of thicknef 

and are generally also parallel in width, and thinner thi 

most of the preceding ones. Pillar files and Cotter files A 

of rectangular section, but narrower than hand files. Mt 

saw or Topping files, both taper and parallel, are shown at 

and/in Fig. 55. One or both of their edges are frequent 

rounded as in the half-section c. Fig, 56. Some han 

equalling, and other files have their edges similarly rounde 

and some have bevelled edges, as in the half-section D 

ihe same HguiG. 
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E. Round fileSy when small and taper, are known as rat- 
il files. Under the name of GuUetting files (r, Fig. 55) 
azallel round files are very largely used for deepening the 
gullets ' of the saw-teeth of that name. 
F. Frame-saw or Pit-saw files {d^ Fig. 55) are parallel (or 
nmetimes taper) files of this section, which can be used for 
both * gulletting * and ' topping.' 

a Half-round files are almost always taper. Those of the 
•ection F have more right to the name, but they are not in- 
dnded except as * high-back half-round.' Most of the 
lalf-round files made in Sheffield are nearly of the propor- 
'tkms given in the section (g) ; but those made in Lancashire 
fare of three different * heights ; ' the thicker and the thmner 
lections being known as high-back and fiat^back respec- 
tively. 

H. Cross or crossing files ^ sometimes called double half- 
wwwf. They are made both taper and parallel. 

L Three-square files ^ shown both taper and parallel in Fig. 
55- They are very much used both for sharpening saws and 
fcr general purposes. 

L. Cant files, generally parallel, and cut on all three 
ades. 
M. Knife-edge or Knife files, either taper or parallel. 
N. Feather-edge files^ almost always parallel. 
Many of the small files used by clock and watch makers, 
•Bwugh the sections resemble those above given, are known 
fittongst them by special names, derived for the most part 
ftwn the particular use to which they are chiefly applied. 
Tfeus the crossing file (h, Fig. 56) in all probability owes its 
Vpcllation to the convenience of its section for filing out 
fc cross arms of clock wheels. Neither this nor the * cant,' 
*hife,' or * feather-edge ' files are often to be found in the 
toikshop of the engineer. 

Rubbers are large and coarse files, made of an inferior quality 

rf steel, which are sold by weight. Th«y aie gexvei^W^ q>1 

ik/bnn and section given in Fig, 5 7, and are used ioi lou^ 

G 
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manufactaring purposes, but not for the higher kinds of 
work. 
Bent files, called Rifiers, are made of various degrees of 
curvature. One of them is repre- 
sented in outline in Fig. 58. They 
are the only kind of file which caif 
be brought to bear upon concave 
surfaces which have any considerable 
curvature in more than one direc- 
tion, and they are therefore of oc- 
casional use in the workshop, espe. 
daily among brass finishers, who use 
them for filing up concave mould- 
ings in brass castings. 

With regard to the various kinds 
of cut by which file teeth are pro- 
duced, we must mention that English 
files are divided into two distinct 
(Hizs&es,— Sheffield files and Lanca- 
Rubber, Rifltr. j/"'''f files (Sheffield and Warrington 

being the places where they are 
chiefly made), and that these differ from each other in 
several particulars. Of these the most important formerly 
was the superiority of those made in Lancashire in respect 
both of form and durability, but, as far at least as the 
larger kinds are concerned, this no longer holds good to a 
suftident extent to compensate for their higher price, although 
the small files used in clockmaking, S:c., are still exclusively 
Lancashire. To one point of difference between them 
attention has already been called inconnection with the 'half- 
round ' section (g, Fig. 56) ; another is the fact of the ' cut ' 
of Lancashire files, being only of the first kind given on the 
opposite page, so that our description must be understood to 
apply only to those sold as ' Sheffield.' 

In Fig. 59 are represented the three principal kinds oi cut 
wby which fiJes are divided into doubk-cut Si\es l-wtwin. 
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always meant when ' files ' are spoken of without any pa 
ticular cut being specified), SingU-eutfA&s ot Floats, and Rtap. 
Besides these there is also another, which differs from th 
first only in the obliquity of its two series of cuts (one C 
them being almost square across the file) : it is known as tin 
Neif cut, and is said to have special merits for fibng wrou^ 
iron. But of all of them the first is by far the most Iwgdj 
employed, almost all the files used for metal, as well ^ 
cabinet-makers' files, and many others, being double-cut 
Saw files, however, are an exception, all varieties of than 
being frequently, though by no means invariably single-cut J 
these when in u-e being considered by many persons tO 
' cut sweeter ' than those which are double-cut " To these 
the term 'float' is not applied; floats are extensively used iia 
preparing brass for burnishing, rasps being chiefly used fbi 
wood, bone, and other comparatively soft materials. 

In addition to the kinds of cot, the preceding figure shoW 
also many of the degrees of fineness in which files are m^de 
together mth the names by which they are distinguished 
• The teeth are represented of the actual sizes which thei 
would be in files 1 2 inches long, those of smaller files beio 
finer, and those of larger ones somewhat coarser. The cof 
plete series is given in the case of the double-cut only, bot 
floats and rasps being also made of about six different degree 

As far as the doubleK:ut is concerned, the engraving r 
presents with tolerable truth the teeth of Lancashire ■ 
well as of Sheffield files, but among the former the finest ai 
known as suferfine, and not as ' dead-smooth.' The nurabi 
and the accuracy of the teeth in some of these is certain! 
wonderful. Mr. Holtzapff'el mentions having himself foun 
that one of the smallest and finest Lancashire files containe 
nearly 300 cuts per inch of its length ; yet these are pr 
diiced entirely by hand — machine- cutting, although it hi 
been carried out with some success on the continent 
Europe, having hitherto made but little headway in fli 
coimtry. J'he operation, ia ot such vateiW!., as "■SfiK.ti^fe 



^^B Process of File Cutting by Hand. Sj 1 

^^Kery higli degree of perfection which may result from 
^^nl manipulation, that we cannot refrain from giving a 
^^K outline of the process, which is conducted as follows ; — 
^^Hsoft cast-steel blank is placed on an anvil with the t; 
^^wds the operator, and is there held by means of a fool- 
^^B; a suitable piece of lead or pewter being interposed ] 
^^K its section requires a V-shaped or other special I 
^^Bort, or when the under side lias been previously cut.T 
^^■gnencing at the point, the file cutter then makes a.] 
^^K of cuts with a chisel of which the width rather exceeds] 
^^■ridth of tlie cuts, striking it with a hammer which ii 
^^Hy proportioned as to weight to the amount of burr tc 
^^nrown up at each cut, or in other words, to the degree J 
^^Baiseness of the teeth. In order to place the chisel J 
^^Bctly he slides its edge a little way along the greased si 
^Bof the blank, till it comes into contact with the burr o£ J 
^^Breceding tooth. The height of this burr, and the greater | 
^^KG inclination given to the chisel, thus determine the I 
^^K by which each succeeding tooth is in advance of the \ 
^^■oiis one. Double-cut files have two series of cuts in- 
^^H in opposite directions to the axis of the file, the edges ' 
^^Be teeth produced by the firet series being very slightly i 
^^Etiied over before the second series is commenced. For ■ 
^^B the straight-edged chisel is replaced by a pointed J 
^^Bi, and in their case the evenness of the teeth depends I 
^Hv upon the skill with which the file-cutter hops- J 
^^Htrndi into the right positions. In whatever pattern he- I 
^^Bchoose to arrange the teeth, his object should always be J 
^^■ce as few of them as possible exactly behind each other. 
^^Ber being cut, files are straightened and hardened, i 
^^KE which process they are coated with a mixture which J 
^^Kts their teeth from the direct action of the fire. 
W^B^^' which are, perhaps, the next most largely used ol^l 
^Kshop appliances, trench so closely upon the province of 
' machine-tools,' t at it is difficult to say box ta.T ^.W'j ma.-^ | 
iff properly included in this chapter, foi Bl ii'ili "*i\"Jw: 
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some mechaiiical arrangement by which sufficient speed 
power for driving it can be obtained, is as useless as 
auger without a handle, or a plane-iron without a stcx 
In default of a better distinction, we shall, therefore, or 
notice here some of the steel drills themselves, and t 
portable braces &c. in which they are sometimes used. 

Most drills for metal have two similar cutting edges, 
characteristic by which they may be broadly distinguidM 
from those used for wood. This makes them, in a mecii$ 
cal point of view, mUi 
more perfect inatfl 
meats, as will be b« 
( from the diagram Fi| 
60, which gives sectioni 
plans ofaspoon-bitt'(B 
a centre-bitt (b), and 
drill (f) ; the hole bored by each being represented by ft 
circle. Supposing the rotary motion to be produced in CM 
case by two equal and opposite forces, it will be noticed ll* 
in a one only of these forces is employed in cuttingj the otii 
being expended in merely pressing the back of the sb( 
against the side of the hole, giving rise to the great fricti< 
and heating \.a which tools of this class are subject ! 
b a portion of this opposite force is utilised in drivii 
the 'nicker,' the remainder producing a side strain up( 
the central pin. In f, however, both of them are who 
consumed in cutting, and the tool being in perfect equ' 
brium, it is possible for it to maintain the straightneas of 
course and the circularity of the hole without such suppi 
as is afforded by the shell in the one case and by 1 
central pin in the other. But this distinction does not ( 
tain universally, in each class there being some exceptior 
such as the doiible spiral screw-auger previously mentior 
(Fig. 41), and the Swiss drill figured on the opposite pa 
which are examples of double-edged wood borers and sinj 
acting metal drills respectively. . 
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^p^ Drills. 

^^fel Fig. 6 1 the cutting portion of various kinds of drill are 
^^Kesented. Of these a is the ordinary watchmaker's 
^^H» which although it scrapes rather than c 



efficient than might be expected, when its size is small and 
its rei'oiution rapid. For a drill of this kind indeed, which 
is to be driven alternately backwards and forwards— which 
'iiese generally are — double-bevelled edges are better adapted 
"lan those with a single bevel, since the latter, although they 
""ight cut more quickly when revolving in one direction, 
*Ould do nothing when moving in the other. One great 
disadvantage in this form of point is that the diameter of the 
hole produced by it is altered every time the drill is 
Sffiupent'd ; which, however, can be obviated by making its 
Sides parallel for a short distance above the cutting edges. 
From doing this another result — and a most important one 
— also follows ; viz., the sides are enabled to assist in the 
guidance of the drill, which is thus rendered much less liable 
lo change its direction during its advance, in consequence 
of any slight alterarion in the direction of the pressure 
applied to it, or any other cause. With a drill of the form 
b, which also cuts when revolving in either direction, it is 
almost impossible to drill a hole otherwise than straight; 
and however frequently it may be sharpened its original 
diameter is maintained. Of the drills which ate adapted fui 
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revolution in one direction only, c is more frequently to ] 
met with than any other ; its use being general, alike for ti 
smallest perforations produced in a foot-lathe, and for ti 
heaviest operations of a drilling machine. It may ] 
observed that these have but little inclination of their on 
to enter the material which is being drilled, since the ang 
of their cutting edge is by no means acute, and its front 6. 
is either at right angles to the surface upon which it 
operating, or is slightly tilted forwards. This, combin 
with the bluntness of the point— which is an evil insepaiafc 
from this form of drill — necessitates, in the case of the hard 
metals at least, the application of considerable /(rci/fw^pn 
sure that a drill of this kind may be kept tip to its wor 
its action is then not otherwise than rapid, and is perfect 
analogous to that of the metal-cutting tools used in t 
'athe. The great heat evolved, however, forbids any bui 
very moderate rapidity being gi\-en to it. By simply formi 
tgroove in the front face of each of the cutting et^es, ■ 
shown in that marked d in the figure, any desired degree 
acuteness can be given, the strength of edge required \ 
the particular material under tieatment being the only fe 
to the extent to which this may be done. To this pl6 
however, the much greater amount of grinding necesss 
whenever the edges of the drill require to be renewed is . 
objection. 

Two kinds of drill, in which the principle of making the 
self-guiding by providing them with parallel edges is fu! 
carried out, are shown in e and/ The former is known 
the /(//fi/ drill, and the latter is the twist drill. Their difft 
ence, as far as their cutting edges are concerned, correspon 
with that just pointed out with reference to the drills c a: 
d. In e the front face of each edge (which is formed by o 
side of the groove or fluting) is perpendicular to the surfa 
of the work, so that the depth of its cut is dependent up 
the feeding pressure. But in/, by the simple and beauti 
expedient of carrying the groove spirally round the ste 
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phy tnoderate inclination can be given to this face, and how- 
fever much the extremity may be ground away, its angle 
plways remains invariable. When the twist is as sharp as 
iftiat shown in the figure, this drill is admirably adapted for 
feoringthe hardest kinds of wood or the softer metals, which 
Ktcuts greedily with but little pressure. For iron and similar 
llnaterials, its strength — which is inferior to that of «^— is 
I scarcely sufficient In sharpening either of these drills, it 
IS necessary to grind the extremity in such a manner that 
the bwer face of each cutting edge shall form a portion of 
an independent spiral, instead of allowmg both of them to 
become part of one and the same conical surface. In/ the 
[ Spira! face is shown much exaggerated, but its pitch may be 
I lightly varied according to the nature of the material to be 
\ (Jriiled and the extent to which the strength of the edge may 
Ibe reduced in operating upon it But however strong an 
J^e may be required, the point must never be absolutely 
■'Conical, of which the effect would be similar to that of 
pP^nding the drill c without any bevel {i.e. with the cutting 
P^gle equal to the following angle of its edge), in which 
p*e no available pressure would suffice to feed it. Con- 
P9leiitly the small angle which this face forms with the 
P'*ace of the work — which corresponds with that called by 
P- Babbage the ' angle of 
F^f ' in the case of metal 
t**>ng and planing tools 
P^ absolutely essential ti 
F "Vorking of a drill ; and . 
i^«i every increase in I 

^&le a correspondingly yig. 6=.— Bow-Driii Siotks m. 

^*ainished pressure is ca- 

pble of giving an equal amount of feed; in other words, the 
p*re greedy the drill becomes. 

I In drilling holes of very small diameter, we have seen 
pat the pointed form of tool employed by watchmakers 
fed others requires rapid rotation alternately in oppositt 





drill is either fixed in a stock, as shown above, or is itself of 
sufficient length to carry a wooden sheave or barrel, round 
which, when in nse, the string of the drUl-biru) takes a single 
turn, the pointed end of its stem resting meanwhile in a 
shallow centre hole in a sheet-iron breast-plate^ strapped 
round the chest of the workman ; or, if the work cannot coi- 



(^3f 



veniently be so fixed that the drill may be held horizonta 
(or nearly so), the breast-plate may be held in the left hand, by 
which, when the drill is small, ample pressure can be applied. , 
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', Fig. 62, is another form of bow-drill stock, for which 
loose breast-plate is required. A coarse scre^'-thread cut 
npon the surface of its barrel saves the gut, of which the 
WW string is generally made, from chafing at its point of 
rossing. The bows in question, when small, are almost in- 
liably made of whalebone, larger ones being generally 
"e of cane, hut occasionally of steel. 
I The Archimedean drill-stock (Fig. 64) is an invention which 
spenses with the necessity for either breast-plate or bow. 
t motion of the right hand being, by means of the spirally 
iboved stem, converted into rotation, which in its constant 
;e of direction resembles that obtained from the drill 
But it is by no means an equally economical applica- 
bn of power, and — probably on that account — it has not 
^ present done much towards supplanting the bow-drill 
longst those who have much use for such instruments. The 
iny-threaded spiral shown in the engraving is produced by 
^ting a piece of pinion wire — hut the grooves of these 
" s are frequently much fewer in number and of ' 
r size. 
The bevel-wheel drill stock or brace (Fig. 65) may in many 
KS be conveniently used for drilling holes which are of 
: size than those for which the foregoing stocks are 
fepted ; but which, at the same time, are not so large as to 
i-equire a greater amount of feeding power than is obtain- 
able by letting the flattened head bear against the chest of 
the workman. Its construction is sufficiently clear from the 
engraving ; but the proportion between the bevel wheels in 
some of these stocks is such as to give a greater, and in 
others to give a less velocity to the drill than that of the 
winch handle by which it is driven. 

Passing on to yet larger sizes, for which the above method 
of feeding the drills is inadequate, we come to the old — but 
simple and efficient — smith's brace, which is represented in 
position for use in Fig. 66. It will be observed that it 
jequires to be constantly associated with a cramp, one end 
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of which must be provided with a feeding screw ; i: 
indeed the brace itself contain 'one, in which case the c 
may consist simply of a stout bar bent to the requisite 
(In the engraving both the cramp and the brace have 
ing screws, but this is superfluous.) For drilling 
articles, the cramp must in turn be supported in a to 




^eh-vice (as in the figure), or the place of this may be 
by a pillar, either temporarily or permanently fixed t 
bench, on the surface of which the work is then plaa 
adjustable horizontal arm carried by the pillar receivii 
thrust from the upper end of the brace. Another m 
of feeding the drill, which has long been employed in 1 
smiths' shops, is to arrange a lever in such a 
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he^avy weight at one of its extremities may constantly press 

do-wnivards upon the brace placed below it near the other; 

b\a.t this, although it is superior 

'o the cramp or pillar arrange- 

in^nt, since it gives a continuous 

ar>ci self-acting feed, can hardly 

h^ classed amongst portable forms 

of ilrilling apparatus. 

^Vhen portability is a main 

consideration — more especially 

IS in such cases the space re- 

ivaired for working an ordinary 

l>race is frequently not available 

some kind of rcttcliet-hrcue is 

s-lnoost alwa)^ substituted for it 

"^his admirable contrivance is re- 
presented in Fig. 67 almost in 

'*^s original form, and although 

™uch ingenuity has been expen- 

, ^d in devising modifications of 

'^ few, if any of them, have ob- 

^iried as general acceptance. 
'^e stock, in the lower part of 

''^'ch the drill is fixed, contains its own feeding , „ 

'"oich a portion appears in the engraving below the elongated 
•^^Xagonal nut. By this nut, which forms the entire upper 
Portion of the stock, the feeding screw is wholly concealed 
^hen it is screwed home. The hand-lever on the right in 
ll>e figure is entirely detached from the body of the stock. 
Cut by means of the ratchet-wheel on the lafter and the 
click carried by the lever, the effect of imparting to it any 
amount of backward and forward motion is to cause an 
imermittent revolution of the stock together with any drill 
vhich may be fixed in it. At the same time any desired 
feeding pressure can he obtained by simply arresting the 
4;pper ponion of the stock during the forward movement of 
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tiie lever. A short length of the feeding screw is thereby 
withdrawn, so that the distance between the point of the 
drill and the top of the stock is increased. A simple cramp 
is of course in general a necessary adjunct for this as well 
as for the plain br.ice, but its height can be very much re- 
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duced ; as can also the distance from any high projecting 
portion of the work at which the drill can be applied with 
this instnunent. 

After a hole has been drilled, its sides not unfrequently 
require smoothing, or it may have to be enlarged. For 
either of these purposes rimers or broaches are the toob 
generally used ; their forms and their cross-sections, as also 
their sizes, varying according to the purpose for which they 
are intended. Two ' taper' rimers aie shoivn in Fig. 68, in 
which the angles do not exceed 90°, and are favourably 
placed for cutting rather than for scraping, which is not the 
case when the cross-section consists merely of a flat-sided 
figure with five, six, or even eight sides, as it sometimes does, 
In using rimers of this kind, a very trifling downward 
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I is required, for their finely tapereil form causes this to 
overted inlo a powerful lateral thrust against the aides 
e hole, which in their case constitutes the 
I feeding pressure. For leaving the sides of 
parallel instead of making it taper, 
are not unfrequently made of equal 
baeter for the greater part of their length, the 
■lie of the cutting being then performed by 
■ sharply tapered extremity with which they 
I provided, the upper portion serving only as 
^de. Or a similar effect may be produced ^ « 
iving them a ' bellied ' form and retaining the * 

fcng angles throughout their whole length, but Riaer^ 
these the perfect straightness of a hole 
t be secured with equal certainty. 
f a rimer be made, not &om a plain conical piece of steel, 
[I from one on whose surface a screw-thread has been 
iviously cut, it is evident that if its advance at each 
iolution be equal to the pitch of its screw, it will produce 
ninterpart of the thread in the interior of the hole 
which it is passed. Exactly on this principle are 
mjerew-laps by which internal or ' female ' screws are pro- 
1, to which, together with tiie usual means of cutting 
J screws by hand, most of our remaining space must 
ftlevoted. 

Internal screws, then, were formerly made by applying to 
I hole which was to be ' tapped ' a tapered screw-tap of 
Idened steel, upon the conical surface 
which a screw-thread had been pre- 
Bisly cut to an equal depth through- 
" s length, three or four flat facets 
g been afterwards filed upon it to 
St the depth of the thread. Its 
jdon thus resembled aor b'm the accompanying cut (Fig, 
t.fiom whjch it mil he evident that— espcdaft^ 'va <&ft 
■^tbe exceedingly obtuse angles '«\\\ci^ ' 
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presented were quite incapable of cutting, and couJd 
only remove the material from the hollow portion of (bl 
thread by a slow scraping action. This, together with i 
considerable amount of burring or pressing up of the raisal 
parts of the thread, enable them to operate with lolec^ 
efficiency upon wTOUgbt iron and other malleable meials, 
but with cast iron they were almost entirely incompetent |a 
deal. Under the most favourable circumstances the proce»| 
was a very slow one, the tap requiring to be worked bacfe 
wards and forwards several times as each slight advancewai- 
made ; the full depth of the thread in a nut or in any odier 
' thoroughfare ' hole being attained only when the tt*ole (rf 
the screwed portion of the tap had passed through iL Con- 
siderable force was necessary to cause tht- tap to advance al 
all, and this was applied by means of a long bar or tap- 
wrench with a square hole at its centre, into which lh< 
sijuared upper end of the lap was fitted. But In order t< 
give it sufficient strength, this square iX)rtion was mad' 
larger than the rest of the tap ; consequently, after doingit 
work, one of these old taps could not be removed from thi 
hole without being unscrewed through its whole lenglt 
which entailed much waste of time. 

Many improvements have been introduced into the haw 
' screwing tackle' used at the present day, to the constru* 
tion and manufacture of which Sir J. ^Vhitworth has devote 
much attention. Fig, 70 shows a set of three screw-tapi 
consisting of a taper, an intermediate, and a plug-tap. j 
cross section to a larger scale — which applies equally to a- 
of them — is also given in the figure ; by which the great r* 
duction in the cutting angles and the superiority of thd 
position with regard to the surface to be cut, which resull 
from the adoption of this fluted form, is rendered evideni 
For in the sections b and a. Fig. 69, these angles exceede 
120° and 135° respectively, whereas in the present case the 
are not more than 90°, and the front face of each (the aiTon 
showing the direction in which the tap revolves when wod 
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n remove the metal from between] 
I, and has no tendency t( 



L ing) is radial, so that it c 
I the threads by a inie cutting at 
■ ihiow up a burr in the manner 
I mentioned above. The threads 
I Upon the taps themselves are 
jcat perfectly parallel through- 
it, the tapered form of the In- 
[medi^leandtapertapsbeing J 
a by subsequently taking I 
)s of the threads to | 
pater cr le^s extent. In 1 
j former this is only done I 
■ short distance from the I 
r extremity, but in the ' 
i carried to such an 
Mient that the threads are en- 
Orelyobhteratedatthe bottom 
6f the lap, a small number of 
tilem only at the upper end 
winning their full depth. This 
^sbles a taper tap to enter 
^ hole of the proper size 
^ilhout difficulty, its first few revolutions doing htde more 
"Wn trace out a thread of sufficient depth to lead it on- 
*^ds. But by the series of cutting angles which it pre- 
'*'lts during its advance — each of which to a small extent 
''"'^eds its predecessor in height — successive portions are 
'^Oved from the spiral groove through which they pass, till 
"■• Its upper end emerging from tlie hole, the tap will be 
""Und to have left behind it an almost perfect counterpart of 
"'* thread which was originally cut upon its own surface,-™ 
™ly slight inequality whicli it may possess is then easily ri 
nioved by followmg it up with the intermediate tap ; l" 
'^ious process of unscrewing mentioned above being n 

ecessary, since the more perfect action of these l; 
sbles the force applied to them to be reduced, so that the 
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square head can be made sufficiently small to drop throu^ 
the hole through which the screwed portion has passed, 
the hole be shallow, the operation must be commenced % 
the intermediate instead of with the taper-tap ; in 
the finishing cut is given with the plug-tap, of which t 
threads are left of the full depth quite to the extremity, 
should be noticed with reference both to taps and rimers Q 
the above, or any other section with several grooves 
flulings— unless, indeed, the proportion of the circumferen 
occupied by the grooves is greatly in excess of what remains-nj 
that it is essential to their efficiency for their advancing oj 
cutting angles to project beyond or to be at a greater di' 
tance from the centre of the figure than the following ai 
which are not required for cutting. If this be not attend^ 
to, it is evident that the whole of the concentric portion df 
the section must be forced into the material before any f«f 
can be obtained; which, even if it were possible, i 
cause so great an amount of friction against the interior 
the hole, that the tool would be broken by torsion before It 
could be made to revolve. On carefully observing any well*'' 
made taps, like those shown in the engraving, it will be seea,, 
that on this account the threads, more especially in taper tips,i 
by which the bulk of the material is removed, are alwajaJ 
filed off to a much greater extent upon their following thai^| 
on their cutting angles. Like the rimers of similar sectiott 
noticed above, they can therefore only cut whilst revolwi^ 
in one direction. In the old flat-sided taps this was nol 
done, and in spite of the circumference being cut away to 
an extent which greatly endangered the evenness of the 
thread produced by them, the necessity for forcing these 
still comparatively large surfaces into the material before 
any feed could be obtained, had doubtless more to do with 
their enormous and unnecessar)' consumption of power than 
even the unfavourable nature of their angles. This view ia 
confirmed by the much greater ease and efficiency with 
iBfticA six-sided and eigbt-s\de4 nmera ^wtoTOv 'Cntsa -«w\ 
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se, since no part of the conical surface remains, a 
much smaller amount of pressure 
Bices to cause the angles in which their 
lets meet to enter the work. 

I cutting external screw-threads also 
ichj improvement has been effected 
J the days in which the plain screw- 
'e was the only hand-tool used for the 
It consisted simply of a steel 
e with a number of tapped holes in it, 
s of from two to six of which were 
D te used for each size of screw. These 
were even less capable of cutting 
than the early forms of tap just 
described, thesctewsbeingeniirely 
produced by pressing or swelling 
out of the threads at the expense 
of the material between them. 
The diameter of the finished 
screw was thus generally greater k 
than that of the original wire 
rod. By the addition of two or 
more notches to each hole a cer- 
tain amount of cutting took the 
place of this violent treatment ; 
d thus modified the notched screif-plate 
y 71) is still much used for small work. 
. But for latter screws it became abso- 
Wtely necessary to make the cutting action 
pore perfect, and so to diminish the 
•stellil expenditure of power which the 
: of the screw-plate entails. This was 
e by the introduction of the stock and 
*(Fig. 72), which enabled one pair of 
i first to trace out the thread lighlly F,o.T,._o'!;&T,ir5>i«ftV 
J & cylindn'cal surface, and evenlvi- aiv40*^.Vi. 
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ally, by being gradually brought closer together, to < 
it to the full depth. Moreover, by making the cavity 
the die-stock of sufficient length (as in the engraving), 
by various olher means, the dies could be easily renio* 
and replaced by others of different sizes. This arrai^ 
ment, however, is defective, inasmuch as the curvature 
the dies must be either loo great for them to admit ' 
uncut bar — in which case their outer angles only can i 





Fig. ,j 

which, having but little guiding power, are liable to 
out a thread which is uneven or ' drunk ; ' — or, as the scr 
approaches completion, the work is performed more ai 
more by the central portion only of each die. F^. 
shows these defects, the curvature of the dies coincidi 
with that of the finished screw in the upper half of t 
diagram, and with that of the uncut rod in the lower ha 
The usual practice is, therefore, to cut the dies with as 
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intermediate between the iwo, but this is only a 
remedy for the evil, 
much more satisfactory arrangement is that originally 
ised by Sir J. Whilworth, in which three dies of small 
not of eaual widlh are substituted for the two wide 
shown in the foregoing figures. As we have seen in 
se of screw-taps, the effect of narrowing the concentric 
s is to effect a corresponding reduction in the power 
must be expended in working them ; the necessity 
retaining sufficient width to ensure the evenness of 
■thread being the chief limit to the extent "to 
Lch this may be done. In the Giiiile screwing-slock — of 
:h the central portion is represented in Fig. 74 — the 
itages of efficient guidance combined with great facility 
'working are obtained by making two of the dies only of 
small width, and performing the bulk of the cutting with 
ibem ; employing the third almost e.xclusivsly as a guide to 
ensure the uniformity of the thread. This — the stationary 
die (marked 0} — is clearly seen in the engraving, as are also 
the moving dies, b and c; the top plate^which to a great 
extent conceals them wlien in use, and of which the hold- 
'i^g down screws appear^having been removed for the 
purpose of showing them. These moving dies are made to 
advance equally by turning the nut (e), by which the in- 
dued portions of the sliding-piece (ti) are gradually drawn 
"• behind them til! the full depth of the thread has been 
^tl^tied. Their action, however, is not simultaneous, the 
curvature of their extremities and their cutting angles being 
^ arranged that one shall cut when the stock is turned in 
''''e direction, and the other when it is turned in the 
"Pposite one. These dies can be replaced by others for 
'"e production of screws of other diameters, and can be 
^barpened by grinding with the same facility as ordinary 

In cutting the threads upon the dies themselves, Masler- 
^*ft are used ; one of whieh is shown in Fig. 75. These 
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differ from the ordinary taps shown on a previous page (see I 
Fig. 70), in being of larger (Hameter (Sir J. Whitwwtii's 1- 

a' exceed the working taps by twice the depth o( n 

the thread, which gives perfect contact, and thus I 
produces an even thread at the commencement I 
of the cut), and also in having much naiiowar 1 
longitudinal grooves and a larger number of theia* 1 
which is rendered necessary by the small amouat 
of surface which the dies present. Similar instn»^| 
ments, known as /wbs, are also employed in fon»— ^ 
ing the cutting ends of screw-chasing tools i:^^ 
y^^^^^ use in the lathe. The importance of possesan^rf 
and carefully preserving a correct set of raasteC^ 
taps will be evident when it is remembered that the scresr'"" 
produced by the above processes are in all cases mer»'^ 
copies of those already in existence upon the surface of th<^ ^ 
taps and dies ; and that the simplest, if not the only prac^ 
tically available method of maintaining the uniformity c** 
these threads— which it is in the highest degree desirable to*- 
do — is to have at hand a constant standard of reference by 
which the effect of continued wear upon the working copiffl 
may be detected and remedied. 

So important does Sir J. Whitworth consider the subject- 
of the uniformity of screw-threads — not only of those made in 
a single workshop or for one particular purpose, but of all 
to which a fixed pitch can be applied throughout the whole 
country^that he arranged and published partly in the yeai 
1841 and partly in 185 7 the following table, the use of which, 
for machines and engineering work, has been gradually ex- 
tending with most beneficial results ; the excessive loss and 
inconvenience which arose from the absence of any standard 
pitch being now universally acknowledged, (See table next 
■ page)- 

The angle made by the opposite sides of the thread is 
55° in every case, but the extreme depth which this angle 
would give is reduced by rounding oR ^\ve to^ a.u&.\iQV\i» 
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TaUe of PitAet for Screws with Angular Threads. 
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each to the extent of one-sixth, as the diagram (Fig. 76) 
vill expldn. Thus the depth given to the thread is only 
two-thirds of that which it would have if its sides inter- 
seaed, being -64 of the pitch instead 
of -96. 

Square-threaded screws, which are 
used for many purposes, since they 
possess greater power, although less 
strength, than those of the above form 
(as explained in another volume of this 
series),' have generally half the number _ 
(rf threads per inch than would be given Fio- J^ 

to them if the threads were angular, the depth being usually 
equal to the space between the threads. \Vhen coarse, 
however, they should be deeper in proportion than when 
fliey are Sne. 

' £&ments of Mechanism, p. 17. 




104 



Workshop Appliances. 



[CBAfe 



For many purposes — such as screws cut on the outsitf 
or inside of tubes— much finer threads than those given ^ 
the preceding table are required. In these there is inu«: 
less uniformity than could be wished, although the imraeas 
consumption of metal tubes for the distribution of coal-g- 
haa caused some such threads to be pretty generally reco) 
nised, under the name ol gas-ihreads. The following are th 
pitches used by Sir J. Whitworth in his taps and dies fij 
gas-tubing :— I 



.1. 



:!!•:!. 



This and the previous table must not, however, be su] 
posed to apply only to the forms of apparatus which ■* 
have been describing — for this would confine their use wid»! 
very narrow limits, since but a small proportion of the scx&« 




in daily use are cut by hand with their assistance. For tli 
production of many kinds, indeed, stocks and dies, eve 
of the best construction, are much less well adapted tha. 
are other instruments which we ha\'e occasion to describ 
hereafter ; amongst which may be mentioned hand-chasin 
tools, the screw-cutting lathe, and bolt-screwing machineij 
all of which have tlieir special advantages. 

The remaining hand-tools for metal, of which the use 'n 
sufficiently gei.eral to demand our attention — if at least wi 
except the Smith's saw (Fig. 77), which is ahnost the onl) 
representative of its class — will be found to consist chiefi] 
of those which effect their operations by some kind o 
punching or shearing, rather than by what we have beet 
considering as a true cutting acUon. "Vii "Cftt \i\lsEt, ■&! 
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Kppirgs, filings, &c,, produced, are almost tuvariably so 

h waste material ; in the former, the portion removed is 

Tacted in a single piece, and frequently constitutes the 

; valuable part of the product Another important 

Werence distinguishes punches and shears from the tools 

"Si which we have been dealing, \-iz., that in their case no 

ding pressure is required, so that the direction of the 

' g force applied to them determines that in which their 

■nction takes place. 

The term ' punch ' is made to include two very different 

Ids of instnunent. Of one of these the chief duty is to 

ent the material to a greater or less extent, without abso- 

Wy dividing it ; — examples of which are to be found in the 

luted cenlre-punch, the various thick-edged circular and 

Wer punches with which thin discs, &c., ma> be partially 

"t from sheets of metal, and also in the ordinary cold chisel 

fwien used for nickmg sheets or bars of moderate substance 

' ""t these cannot be dnven through the entire thickness of 

, '"^ material, and therefore cannot be considered to cut it, 

"I'ess it be pKct.d upon some hard and ponderous miss, 

^'^ as an anvil b> the reaction of which they are then 

^'^ted. In the accorap^njing diagram (Fig 78), a repre 

T^ts in section a tool of this dcbcnption p.irtially dnven 

""^ugh a sheet of metal which 

^S upon the hird surface of 

^nvii, The difference be 

""^^ii this and a punch of the j 

^*'^<ind kind (,*)— which mubt be 

^^*1 in conjunction with a 

•^fer placed beneith the work, 

. *i is thus preciseh analogous 

/* ""-Is action to the ]>iir of shear 

. ^<3es {c) — is dt once apparent 

^^^Ce in these cases the portion '^'°- '* 

P^ tlie tool which is below the work is almost esactlv similar 

■- Sgiue to t^at y/hxch is above it, ,aBd, excs^ '«\is'& "^■w;- - 
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vented by extraneous circums lances, such as inequalit 
their areas, each peribrms an equal share of the wor!:. 
is evident, however, from the obtuseness of the edge 
both cases, that ihe division of the materia! is effeciec 
tearing its fibres apart rather than by cutting them i 
asunder; and this is equally true of the upper and li 
biades of a pair of shears, and of the punch and bol 
which may be regarded as similar blades of a circula 
other figure. 

Two pairs of hand shears are represented in Fig. 79. 
upper one of them is the ordinary form of English 1 
shears, which are often called snips, to distinguish I 
from the fixed-bench shears used for metal of greater tl 
ness than can be cut when the tool is merely graspe 
the hand, their blades being occasionally bent instea 




straight, for greater convenience in cutting out curved ' 
The lower pair, provided with bows like scissors, is of 
known as the S):otch pattern. 

For cutting wires, Ac, a modified form of shearing 
is sometimes employed. Opposite the pivot in each h 
a pair of single-jointed nippers a notch is cut. T 
notches coincide with one another when the nipper 
open, so that a wire can be inserted into them. On cl 
the nippers, the wire is easily and cleanly divided. 
these tools are but little used, eifceT iVe cutting nif^ 
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iUting pliers shown in Fig. 80 being ordinaiily employed 

tbe purpose. In these, although the direcrion of their 

"s different, the cutters are alike, the section d (Fig. 

I applying equally to both of 

From this section it will 

I be perceived that their aci 

I (fiffersentirelyfrom shearing, their ^ 

ilges, although perfectly similar, 
llwingmerely two opposed wedges 
L«hich can be brought together 
J till they meet, but which cannot ' 
f ipass each other, after the manner 
[jtf shear-blades \ consequently 
leir angles are very much more 

, being from 30° to 40° instead of from 80° to 90°, 
fch the edges of shear-blades for metal are g?nera' 
md. 

f the use of punches combined with bolsters — which % 
e been obliged to introduce above — it is hardly p 
fcve an example without trespassing into the province 4 

hine-tools. For their performance 
Wy depends upon exact correspon- 
Jce being obtained between the 
Kition of the punch on the upper 
a plate and that of the bolster 
s it is called when applied to 
ilarger forms of punching machine) 
■the under side. Various kinds of 
ner, by the upper part of which the 
fch shall be guided when driven, 
Bst the lower either receives or itstif 
IS the bolster, may be ami possiljly 
Bemployed; but some form of ma- |.-,c:. s,,_rm,chingRea 

^ in which both the punch and die 
Bbe fixed, and powerful pressure can be applied, add s 
ffieir value that they axe almost m\a5iaMi"j wiK( 
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in engineering workshops. The simplest and mo 
of these hand- machines isl\\epuniMngiear{V\g. 
is, in fact, a powerful form of screw-press — by w 
of considerable thickness can be perforated by h 
Applying his strength at the extremity of a Ic 
through the eye of the screw, one man is abl 
instrument to punch a hole as much as | of ; 
diameter through a plate | of an inch in thicli 
other equally powerful forms of apparatus are ma 
Vet one other metal tool must be mentioned 3 
although It may be sought for m vam m the mo 
tool manuf'iLturer's list, gives invaluable lasista 
accurate worker m metal We allude to the 
adoption of which for the production of plane n 
faces in hen of the objectionable practice of gnu 
has resulted in a very much nearer approach tc 
than was previously possible To this subject wt 
to return m the next chapter at present we c 
selves to the tool itself j which may most conv 
made by gnnding the 
worn out three square f 
shape shown in Fig 82 
sharp edges thus prod 
then be carefully set on 
Fc fc.-M=oi Scraper ^'"^ operaUon bcmg fre 
peated when the tool is 
Although the grindmg of metallic surfaces wi 
subiitanLes— such is emery — is by no means to 
mended cases may sometimes occur in which 1 
hardness ofthe mat enal or other ciuses render ihi 
necessary. The following are some of the usual 
performing such an operation. Either two surfa 
simultaneously treated, the emery — reduced to a 
as even a grain as possible, which can best be 
'washing' it — being placed between them with a ; 
lity of oil ; or the powder may be a'pfWii. \( 
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itoi^allib wheel or iap^ which is then made to revolve, and is 

in the same manner as a small grindstone ; or it can be 

[lulled upon sheets of paper and calico, which are thus con- 

IfOted into emery-paper and eniery-cloth. These last are the 

tvms in which emery is most frequently used in the work- 

•Aop, pieces of them being wrapped round a file or strip 

of wood, and applied to the surface of the work, either with 

without oil, which leaves the work dull, though it causes 

flie emery to cut more smoothly. For some purposes, again, 

mery sticks are preferred, the powder being in their case 

ittached directly to the surface of the wood; whilst for 

[others it is more conveniently applied in the consolidated 

[ fann of emery or corundum-wheels. The marks by whicii the 

different degrees of coarseness of emery-cloth are ordinarily 

distinguished in London, are : — No. o. No. ff, No. f, 

Na I, No. i^. No. 2, No. 2^, and No. 3 ; the first of these 

being the finest, and the last the coarsest. Emery powder 

itself is sold under the following names, commencing with 

the coarsest, of which the grain is about the size of mustard 

seed: — 



Com emery. 
Coarse grinding emery. 
Grinding emery. 
Fine grinding emery. 
Super-grinding emery. 



Coarse flour emery. 
Flour emery. 
Fine flour emery. 
Superfine flour emery. 



\ 



The other abrasive materials used in the treatment of 
metallic surfaces are not often to be met with in engineering 
workshops. They are chiefly confined to the arts, in which 
smoothness of surface or * finish * is a more important con- 
sideration than accuracy of form, and they are less frequently 
applied to wTought or cast iron than to brass and similar 
metals. Strips of oilstone, or of Water of Ayr stone (which is 
best kept constantly damp, so as to prevent its becoming 
hard, and should be used with water) may occasionally indeed 
be employed for removing the marks ot l\vt ^^ oi \Jwi 
semper; but for working surfaces— upou vj\v\e\v \!cv^ Owisi 
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care should always be bestowed — this treatment is neither 
necessary nor desirable. One rather favourite method of 
finishing flat portions of the exterior of a piece of work by 
' curling ' the surface was introduced by the elder Mr. Holtz- 
apfFel. The account of the process given by his son is as 
follows : — 

'The work,' after being filed, scraped, and stoned (witt 
Water of Ayr stone), is 'clouded with a piece of char- 
coal and water, by means of which the entire surface la 
covered with large curly marks, which form the gtouni 
The curls resemble an irregular cycloidal pattern, with loops 
of from i to I inch diameter, according to the magnitude of 
the work. Similar but smaller marks are then made with a 
piece of snake stone, blue stone, or even a common slate 
pencil filed to a blunt point. The general effect of the 
work much depends upon the entire surface being uni- 
formly covered ; with which view the curls should be first 
continued around the margin ; the central parts are the* 
regularly filled in; after which the work i& ready to. b*^ 
varnished.' 

In taking our leave of the subject of the hand-tools use! 
for metal — from which we have been rather digressing — wc 
must not, however, omit one important subject in connec- 
tion with them ; namely, the maintenance of their cutting 
edges, which are for the most part liable to speedy dete- 
rioration, owing to the hardness of the materials upon which 
they are used. In one large class indeed which we have 
been considering — the files — the acuteness of the edges, 
when once lost, cannot be recovered ; in others, treatment 
upon the grindstone, as in the case of wood-tools, suffices 
for their renewal ; but for the most part the best, and fre- 
quently the only available method of restoring their lost 
powers of cutting is to have recourse before grinding to the 
processes of forging and tempering. Into the consideration 
of the former of these indeed we cannot enter ; the subject is 
faztoo wide to be treated in the crasorj maraver ■«\icfe,-«ii\iS^ 
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psolutely necessary here, and, moreover, a few practical '■ 
■s in theart are worth more than a volume of descriji- 
I but with regard to the latter we cannot but think that 

■ pages may be profitably devoted to it. i'or although 
umber of tools mentioned in the present chapter which J 
ire this treatment at the hands of the user as well a 
iBanufacturcr is not large, it must be remembered thatJ 
■Btters of almost all machine-tools also are maintained^ 
Rate of efficiency by similar means. 
Ithe first place let us clear up one point in cooneciion 1 
nhc word temper, which may otherwise lead to confusion, £ 
■edby the stee! manufactureis — on whom so very much! 
nds in the matter of cutting tools — this term is almost J 
■lymous with the degree of carbonization of any particular"! 
Be of steel ; that which is highly carbonized, or contains T 
fcer proportion of combined carbon, being considered to J 

■ a ' high temper,' and that in whicli the proportion is 1 
ler, of a ' low temper.' Thus, the steel which, during 
ntation, has received most carbon, will be said by the 
■facturer to be of the 'highest temper,' and therefore, \ 
B>le for tools which are to be used for turning or boring j 
Bteel; the next lower being adapted for ordinary turning J 
\ the next again for chipping chisels, and that of the t 
M temper for taps and dies, or for the knives of shearing 1 
pines. So it will be seen that it is always desirable h 
■the particular purpose for which the steel is to be used, 1 
llherefore, to make a practice of doing this, and then ] 
pve the selection to some respectable manufacturer, is, 1 
bieve, the best recipe we can give for obtaining good ] 

ndble cast steel of the best quality should always bel 
kyed for metal-tools, for its greater cost in the first | 
pec is more than repaid by their greater durability and | 
leavier cuts which can be taken with them. Some use- | 
bbnoation as to the difference between cast. Wed,\i\\^\£. 
Me^steeJ, and their modes of manutactoe, -ba& \ 
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found in another volume of this series, and at llie end of the 
present chapter a chemical method is given by which dit^ 
percentage of carbon in any specimen of steel may be deter- 
mined, but as far as a crucial test of its suitability is con- 
cerned, we much doubt the existence of any except aCIiij 
trial. The fracture of a hardened bar is indeed 
extent a guide, for although uniformity in the grain cannot 

be accepted as conclusive evidence of its being of 

quality, the want of it is a certain indication Ki ift 
inferiority. 

Provided, then, that the tool — whether chipping chij^ 
drill, or other instrument— has been formed out of thorou^ 
good cast steel, by careful forging at the lowest possil^ 
heat, the hammering having been continued equally throu^ 
out the cutting portion till the metal has become almoit 
cold, attention to the following description will probab^ 
enable the process q{ iaiipcring — 'va its reference' to thf 
second or ordinary workshop use of the terra ' temper '—18, 
be successfully carried out If, however, these points have^ 
been disregarded, good results caiinot be expected Thfr 
well-known properties which enable this process to (fi 
applied to steel, and by which it may be readily distinguished 
from wrought iron, are these :^First, on being heated aB^ 
suddenly cooled it is rendered hard and brittle instead Of 
being soft, ductile, and inelastic, as it is when allowed tocool 
slowly ; and secondly, if, when in the hard condition it bs 
again heated, it loses more or less of its hardness according 
to the temperature to which it is raised, elasticity at the saoP 
time taking the place of brittleness. Our object, therefoK^i*_- 
tempering tools is to obtain the greatest possible amount 0* 
hardness without sacrificing to loo great an extent the re- 
quisite toughness and elasticity, for which we must havt 
recourse to the two distinct processes of hardefiing aod 
' tempering,' or htiing down the temper. The first of these 
;s effected by hearing the tool, ot the portion of it which is 
to be tempered, to a point not exce«6\u^ ■■ iSu-svi -iiA.' 
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id this the heating should never be carried either in 
ig or in hardening), and on its withdrawal from the fire 
[instantly plunging it into a vessel of cold water. If the heat 
Iks been sufficient, the tool will now be found to be exceed- 
jingly hard, sufficiently so to scratch glass readily ; if not, 
pmust be re-heated to a slightly greater extent, but the lowest 
jtwilable temperature should always be employed. The 
Inert step will be to temper or let it' down, and for the sake 
jdf simplicity we will for the present suppose that the entire 
I tool is to be treated, although this is not very often the case 
III the workshop. As above stated, this operation consists 
liQ again heating it ; but inasmuch as it is of the greatest 
|iq)ortance to raise it up to, but not beyond the temperature 
tt liiich the particular steel under treatment receives the 
IfRKopriate temper, some indication is necessary to inform 
when this has been reached. That on which reliance is 
IfMeially placed depends upon the circumstance, that the 
superficial oxidation which takes place when a piece of 
Wghtened steel is heated in the air, is accompanied by 
constantly varying coloration of the surface as the temper- 
ttire in rising passes from about 430° to 600° Fahrenheit. 
The colours which it successively acquires, and which are 
given in the following table — which was arranged many years 
•go by Mr. Stodart — thus form a valuable index of the tem- 
perature, and serve to show the point at which the heating 
Dwstbe arrested, 

Fahr. 

I. Very pale straw yellow . 430® 
& A shade of darker yellow 450° 
3- Darker straw yellow . . 470° 
4. Still darker straw yellow 490° 
5- A brown yellow . . . 500** 
6. A yellow tinged slightly 

with purple .... 520*^ 

Of these 12 tints, Nos. i and 2 approximately indicate 
the temperature to which instniments for which the greatest 





Fahr. 


7. 


Light purple .... 530'' 


8. 


Dark purple .... 55^° 


9. 


Dark blue .... 570° 


10. 


Paler blue .... 590"* 


II. 


Still paler blue . . . 610*^ 


12. 


Still paler blue with 




tinge of green . . . 630° 
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► hardness is required — such as cutting tools for metal— should I 
r be raisedj Nos. 3 and 4 those adapted for wood-tools, and ■ 
^ for screw-taps ; Nos, Si 6, and 7, those which may be used I 
C in tempering saws, and also hatchets, chipping chisels, and I 
I other tools which are subjected to percussion ; Nos. 3 andp J 
I for springs j whilst by those which correspond to Nos. lo, I 
^ II, and 12 steel is let down to so great an extent asto ■ 
' render it altogether too soft for the above purposes. To W 
\ enable these colours to be observed, the surface of the sled W ' 
I must be brightened upon the grindstone afterhardening,andiii BT 
L such a case as we have been supposing, where a considerable B 
[ portion has to be brought to one uniform temper, great aire t 
I will be necessary to perform both this and the previous I 
V operations of heating and cooling with sufficient uniformit)'- L 
bin this the following general directions may be of assiit- % 
Bance, but the particular treatment must, of course, often b« 1 
B-Varied according to the form and size of the object to b^ ' 
P tempered. 

I In the first place the ' scale," which forms upon the exteric*^ 
[ of a steel forging as well as upon an iron one, should be r^'^ 
I moved by grinding or filing up the entire surface of an^^? 
I portion over which the temper is to extend, in order that i— -*^ 
I may receive and part with its heat equally throughooc:^-^ 
P Secondly, in being hardened, the object should have ampl^^^ 
I time to become equally hot all over, by being allowed ttf^ 
\ ' soak ' in a fire of sufficient size to surround it completely—' 
L For all purposes connected with steel, a charcoal or cok^^^ 
^^e is preferable to one made of raw coal j but in harden — " 
nng, contact with the fuel may be prevented by insertin^^ 
Kui iron tube or box into the fire and placing the instrument:^ 
Bto be heated within it. When it has thus been brought to^* 
Bthe lowest red heat at which it is found possible to harden* 
Hthe particular sample of steel which is being treated, it shoulA^ 
Bbe at once plunged into water — vertically, if its shape admits 
f Cf it — and remain in the water until it is quite cold througji- 
[■■ oat, since it is then rather less \iab\e vo \ie cr4d),«i 01 dis- 
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rted by uneqtial contxaction — ^accidents which very fre- 
lently occur at this stage, and against which it is almost 
ipossible to guard with certainty. Lastly, in the final 
tocess of tempering, the same precautions must be taken 
) ensure uniformity of heating; but as a much lower 
emperature is required, and its progress has to be carefully 
ratched, the object may be conveniently laid on the top 
jf a dear fire, or if small, upon a heated iron bar or 
ilate. 

The first of the tints mentioned above can only be 
perceived by comparing the object which is being tem- 
fered with the brightened surface of a piece of cold steel ; 
and when very great hardness is required, it may be neces- 
ttry to use a still lower temperature for letting it down. 
In such cases, since the colour of the surface does not 
then form a guide, recourse must be had to other methods ; 
bmersion in a bath of oil, mercury, or some fusible alloy 
being amongst the best of them. In tempering cutlery, 
&c, on a manufacturing scale, this mode of heating is 
iMgelyused both in hardening and in letting down, the heat 
of the bath being known either from the melting point in 
^ case of the metals and alloys (except mercury), from the 
*5ount of smoke driven off in the case of oil, &c., or by in- 
troducing a thermometer into the bath. 

Tlie smoking and the flashing temperatures of oil are also 
fequently turned to account in tempering, without employ- 
ing a bath at all. This method is known as blazing off^ and 
insists in coating the hardened object with cold oil, either 
Jy dipping or otherwise, and then warming it uniformly over 
dear fire till a copious smoke is given off. According to 
le degree of hardness required it is then either removed 
cm the fire or the heating is continued till the oil inflames, 
he temper thus obtained is low, but this method— although 
)t so well adapted for the tempering of cutting tools, may 
: often used advantageously for steel springs, &lc. 

I 2 
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But in most of the tools to which thb mechanician is Klw 
to be called upon to apply the above processes for hirasi 
it is unnecessary, anil even xjndesirable, to extend I 
temper beyond the immediate vicinity of the cutting ed, 
This enables both the hardening and the tempering to 
performed with one single heating, in the following manner 
The chisel or other tool is brought to a cherry-red he 
either throughout, or at its cutting end only, according lo 
length. On being taken out of the fire, this end is instan 
dipped, for a short distance only, into the water-trou, 
being withdrawn as soon as this part of it has l>< 
thoroughly cooled. The stem, which has not been i 
mersed, of course retains a considerable portion of its h« 
and this, owing to the conducting power of the metal, sc 
begins to return to the part which has been cooled. ' 
brightening a smatl portion of the surface (by rubbing 
upon a piece of sandstone), the faint yellow tints soon bej 
to appear, gradually extending themselves downwards to 1 
extrerae edge of the tool, and deepening in colour, 
soon as the edge is of the proper tint, the operatioo 
brought to an end by immersing the entire tool, so as 
deprive it of its remaining heat ; it is then ready to 
sharpened upon the grindstone. In hardening, care sho' 
be taken to keep the tool in motion during its partial ^ 
mersion, since if this be not done it is liable to be mi 
weakened — sometimes even to break — at the water-li. 
It is also advisable to dip it vertically in the first instan 
especially if any considerable length of it has to be harden 
But for practical information on the subject of temperi; 
the reader cannot do better than to refer to Mr. Ede's use 
work on the treatment of steel.' ' 

The following is Professor Eggertz's coloration-test 
determining the percentage of combined carbon in pig-it 

' The Mitiias^mtnt of Stcei : By George Ede. 41(1 ed. : Lond. 
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for steel, as given by Dr. Percy ;» in whose valuable work 
methods for the determmation of phosphorus and sulphur 
will also be found. 

Sesquioxide of iron dissolved in nitric acid, if not too 
cwicentrated, yields a solution which is free from colour, or 
bas only a feeble greenish tint When pig-iron or steel is 
«cted on by nitric acid, the solution is coloured by the 
carbon product in proportion to the amount of combined 
carbon present, and there is no action on the graphite. A 
wnnal solution is prepared by dissolving some cast steel 
containing a known amount of carbon, with certain pre- 
cautions to be described, in so much nitric acid of r2 spe- 
' cific gravity, that every cubic centimetre (=0-037 fluid oz.) 
of the solution may represent o-ooi grm. (=0015 gr.) of 
carbon. This normal solution does not maintain its colour, 
rot generally becomes paler after twenty-four hours. Feebly 
ounit sugar gives a yellow, and hard burnt sugar a brown 
solution ; by dissolving a mixture of the two in a solution 
™ equal parts of water and alcohol, it is possible to cj3tain 
* yellow-brown normal solution of the proper tint, which 
^y be kept for some time in an hermetically -sealed tube 
P^tty well protected from the influence of light In order 
occasionally to control the normal solution, o*i grm. 
f^'*543 grs.) of steel containing a known weight of carbon 
K dissolved in 5 cubic centimetres (=o'i8 fluid oz.) of 
nitric acid, and the solution diluted until the tint corre- 
sponds to that of the normal solution of burnt sugar. 

The process is conducted as follows : — o'l grm. (=1*543 
grs.) of the finely divided iron or steel is put into nitric acid 
of 1-2 specific gravity, and free from chlorine, contained in 
a test-tube of about 4 inches in length and 0*4 inch diameter. 
The test-tube is immersed in water, and kept at a tem- 
perature of 80® C. If the temperature exceeds this, the 

» MetaUur^y, Jroft andSteei: By John Percy, M.D., Y.'^.'Si/. \-<3^- 
VI, 1864. 
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colour of the solution decreases and shows loo small ; 
ainouni of carbon. By a lower temperature, the dissolving- 
proceeds too slowly, and the colour of the liquid may be 
too strong. 

When the evolution of carbonic acid gas ceases, which 
for steel usually requires two or three hours, the test-tube- 
s removed and left to cool. The solution is then carefu% 
'decanted off from any black particles which may have ' 
been deposited during cooling, into a graduated tube. 
few drops of nitric acid are added, and heat applied, if 
no evolution of gas occurs, the black particles consist 
graphite or slag ; if otherwise, the test-tube is cooled and 
the solution is added to that before obtained, and the whole 
■ diluted with water until the colour corresponds to that of 
the normal solution. 

I cubic centimetre" of the normal solution cone- 

d to o'i% of carbon, and the solution in the graduated 

" tube measures 7 cubic centimetres, then the iron or steel 

operated upon contains 07% of carbon. 

As it is usually difficuh to dissolve o'l grm. (=f543 g^-) I 
of iron in less than 15 cubic centimetre of nitric acid, it is I 
not possible with the before- mentioned normal solution f I 
determine less than o'iS% of carbon. When the carbo" I 
[exceeds 0-5%, the solution has a greenish tint, which cause* \ 
some little difficulty in comparing it with the normal solii'^ ' 
.tion ; in such a case, a poorer normal solution is madeby^ 
adding 6 parts by measure of water to 3 parts of tlie com-" 
tnon normal solution. If the quantity of carbon is large, as 
in white pig-iron, only 0-05 grm. (=074 gr.) is to be i 
employed. 

In several ironworks in Sweden where the Bessemer pro- 
is practised, this method for determining the carbon 
iias already been adopted, and has afforded much facility 
and certainty in the assortment of the steel, which before 1 
It was necessary to test experimentally by foi^g and 1 
Sardeniag. .^A 
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: may add that the amount of combined carbon i 
Bl ranges from about 0*25 to I'oo per cent ; that which 
itains a large proportion being much more suitable for 
,e-tools than that in which the percentage is small. The 
nner, however, requires both more carefiil heating and 
»re labour in working. But although a knowledge of the 
roportion of combined carbon is of very great assistance 
I enabling us to form an opinion as to the quality of steel, 
tisby no means an infallible guide. The presence of very 
mnute quantities of other substances— notably of sulphur 
»d phosphorus, and in all probability of silicon also — is 
igtable of exerting upon it great influence for evil ; and, on 
ie other hand, it seems to be quite possible that other ele- 
leotary bodies may have equal effects which are beneficial, 
4 present the general aim of manufacturers is to produce a 
IWbination between the purest iron obtainable and a definite 
Ercentage of carbon. For doing this various 'direct' pro- 
s have of iate years been derised (by Bessemer, Sie- 
i and others), which, although they are admirably 
^pted for producing steel suitable for many purposes, 
mnot compete, as far as cutdng-tools are concerned, with 
iose made by the old processes of cementation and cast- 
The mechanical treatment which the finished steel 
tiergoes is also in the highest degree important ; and a 
^^ 1' recent improvement of Sir Joseph Whitworth in this 
'^on — that of compressing cast steel while in its fluid 
—bids fair completely to revolutionise the final stages 
* its manufacture. 
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CHAPTER IV. 



Besides the measuring instruments and the ( 
already mentioned, various fonns of apparatus i 
to enable the worker in wood or in metal to test the a< 
ofhis operations. For tiiis purpose the former has recouT* 
to the straight-edge, square, bevel, 5;c ; while the latter, i" 
addition to these, uses templates of various kinds, and-" 
above all — the planometer or surface-plate. The importand 
of this last instrument is so great that we shall devote muc 
of this chapter to the consideration of it ; especially as tJ* 
successive steps in its production will afford a good illustl^ 
tion of the modes of using several of the wood and raef 
tools previously noticed. 

In the year 1840 Sir J. Whitworth called the attention ' 
the scientific world to the complete inefficiency of the pr' 
cess of grinding, by which alone it had up to that time befi 
attempted to produce truly plane surfaces in metal ; at tfc 
same time exhibiting some plates, the accuracy of vhoS 
surfaces very far exceeded the limits previously attainable 
They were in fact the first which were worthy of being calle 
true planes, and the circumstance of having discovered an' 
successfully carried out the means of producing them, woul^ 
alone be amply sufficient to immortahse a name which ha. 
already so frequently appeared in these pages. 

It is proposed to give in some detail the complete coursi 
which must be followed if it be required to 'originate' 1 
suiface-plate — that is to say, to produce one without thi 
assistance of an existing surface-plate. Its successful ac 
complishment is perhaps the highest triumph of mechaoicfi 
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lanipiilatioii, to which the reader must not expect to find 
ny royal road. We can do' no more than give him a few 
lirections in the difficult path by which he may arrive at 
.uccess, if he be possessed of a moderate amount of skill, 
»upled wdth indomitable perseverance. To give some idea 
of the agreement which exists between two perfect surfaces, 
it may be mentioned that if the perfectly clean and dry 
feu:es of a pair of Sir J. Whitworth's surface-plates be placed 
one upon the other, the upper one will appear to float upon 
atoi stratum of air which for some time supports it with- 
out its being anywhere in contact with the lower plate. 
^ Conversely, if this stratum of air be expelled by pressing and 
sliding the plates together — on lifting the upper one the 
kwer one will also be lifted, and may thus be supported for 
^ some seconds. The cause of this in each case is that the 
weight of the plate — although by no means inconsiderable 
—is insufficient to overcome the resistance which the air 
. encounters in passing through the minute and uniform space 
wiiich separates the surfaces. 

Before commencing upon the cast iron or other plates 
whose surfaces it is intended to convert into true planes, two 
preliminary steps must be taken; in the first place two 
wooden straight-edges must be prepared ; secondly, with the 
t assistance of one of these, a set of three steel straight-edges 
Bust be worked up. When these have been made to agree 
perfectly with one another the surface-plates may be com- 
menced ; the principle of obtaining exact agreement between 
a set of three of these being always adhered to. In general, 
of course, the possession of an existing surface-plate, or at 
least of* a fairly reliable straight-edge will obviate the 
necessity for performing some of these operations ; but we 
prefer to give them in their entirety, noting afterwards those 
which the ordinary appliances of the workshop would enable 
us to dispense with. 

First then as to the wooden straight-edges \ ftv^ ''pt^-^^T^XvacL 
of which will require some skill in the \ise oi \5[v^\o\tve^^ 
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planes described in Chapter II. Two pieces of hard st 
grained mahogany not less than three feel long and a c 
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of an inch thick having been selected, and both si 
each having been roughly planed over with a jack- 
,t be to see that they are not ' in wii 
—as a joiner expresses il 
two of the opposite c 
of a piece of wood 
higher than the other 
This is most easily de 
by placing two short pie 
wood with parallel edges, 
winding-sticks, in the p< 
shown in Fig. 83. On br 
the eye nearly into thi 
of their upper edges, so 
most to make the neare 
ceal the more distant oe 
error, if it exists, at on 
conies visible. After 
side has in turn been con 
one of them should be v 
up With a finely-set i 
plane until a continuous shaving can be cut from tl 
length of the piece. If the plane be in good orde 
the caution previously given as to planing ' hollow ' 
than ' round ' be not neglected, this side will be found 
sufficiently flat. 
From this flat surface the deavted t\ncVQ.esi^ toms. 
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M each end with a marking gaugg (Fig. 84) ; the scratch 
h it leaves indicating the amount to be planed o£f thej 
pposite side. This done, the edges may be commenced 3^ 
it process being similar to that by which the sides » 
le true, but requiring to be conducted with increased 

fhe square (Fig. 85) will now be necessary to ensur^ 
kedges being kept perfectly perpendicular to the surface 
it obtained — which surface should be marked, and alway^J 
e worked to, One edge of each piece having been thei 
i as true as possible, their agreement with one ^^JL 
r must be tested ; first by observing whether thd(.« 
} continuous when they are placed edge to edgc.J 
■ held up towards the light, secondly by clamping thecal 
n by side with their true edges upwards and trying witJvl 
Bfingers whether one edge stands to any sensible extent'J 
pe the other at either end or at any intermediate point J 
til! better system is to make three straight-edges, each O! 
ih must agree with any other, as described below ; but 
aaterial not being susceptible of any very great degr 
ccuracy, it is hardly necessary.) The best result onl 
; obtained when the final cut 
a takenftom the whole length 
: straight-edge, no after-treat- 
it of any kind should be required, 
n default of his having the re- 
: skill, the beginner can with 
ige make use of the cabinet- 
1 scraper, or — which is much A 
-a flat piece of cork covered 
I fine glass-paper. 
Uiplying the square to the true 
tthe exact length is now marked 
md the ends cut and planed or ' shot ' from the finishecTI 
rds the uijfinished edge. Finally tU\s setoui e4%^ Ss 
f out with the gauge, planed up, atii dcian&esti. ^ 
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required ; the uniformity of the chamfer being checked b 
applying to it a sliding bevel (Fig. 86) which has been ^e 
viously set to the proper angle, 

In this last operation, and also in planing the ends o 

edges of thin pieces of wood generally, much assistaoo 

may be derived from the use of shooting 

__[~^'^' ^^==^i, boards. Fig. 87 shows sections of sud 

; -*^^ _j_ J^ ^Q^^jg^ one of them being intended flj 

planing pieces with square, the oth^ 

with chamfered or bevelled edges. The 

F trying plane is laid on its side 3S& 
worked backwards and forwards will 
one hand, the work being brought up tt 
it with the other. 
The second step — viz., the prepaJS 
tion of three very accurate stcd straigff 

TlQ. 87,— ShoalioB- Boards , ■' , , , "-,• 

£iig!'s, can now be proceed ed. wit* 
And although we shall confine ourselves to steel, as beii» 
the best material for our present piupose (and for straigM 
edges generally, provided that their length does not excee= 
about four feet), a somewhat similar course will apply to tl» 
working up of longer ones, which would be made of cafi 
iron. The thickness of those which are of "steel is usuall; 
from -j'o to \ of an inch. 

Three similar strips of steel of the desired size havinj 
been procured, and their sides filed or smoothed upon I 
grindstone, holes should be drilled in similar posirionsnea 
the two ends of each of them. When the strips are laii 
one upon another, two tightly fitting pins can then be passe 
through these holes ; in which condition the three will re 
scmble a single thick bar. They can be fixed in a vka 
and — as far as all the earlier stages are concerned — Hlf 
be operated upon simultaneoiisiy. 

The ordinary vice has appeared in a fonner engraving (Fi 
66). The (eeth with which its jaws ate tiWed can. in casi 
Jjke the present be prevented from ma-iiuu^ -Ca^ ^w^'V 
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^^Keen them, by ioterposing damps, funned out of pieces of 
^^■t lead or zinc Id iiling up the steel straight-edges great 
^^Bstance will be derived from one of the wooden ones pre- 
^^Ksly made, which should be rubbed with a piece of red 
^^Hk, and frequently applied to them ; any prominent parts 
^^Bag thus rendered visible. The large rough files used in the 
^^^mer stages must be successively replaced by smaller 
^^B smoother ones as the work progresses. When it 
^^Bomes no longer possible to detect any inequalities on 
^H||dymg the wooden straight-edge, the pins connecting the 
^^■te pieces must be removed, and all further operations 
^^Hoducted upon each of them separately. But before this 
^^p»tha3 been, reached, one edge of each should be bevelled, 
^BPrcquiied, as tlie straigbtness is liable to be impaired by 
Fthe process. 

I A systematic course of comparison of one with another 
I •'lUst now be commenced, and be persevered in till each 
' ^dge agrees perfectly in any position with the other two. 
Thenecessity for operating upon three (the method above 
Biven for wooden straight-edges being hisufficiently accu- 
rate for steel ones), is evident if we consider that two 
ntiay agree perfectly together, although one may be convex 
I <* ' round,' and the other concave or ' hollow.' When their 
■^ids are reversed they will also agree, if the curvature be 
^^nform. But if there are three (which we will call a, b and 
^^Kthen if a be hollow, b and c when made to agree with it 
^HB both be round, so that they cannot agree together. 
^H^ will in fact make the error appear to be twice as great 
^^Ht really is, and in order to correct it, an equal amount 
^^^Rt be removed from each, until perfect agreement is 
Hptained between them. Then, on correcting a till it agrees 
^^Sl B, the correspondence or the want of correspondence 
^^Rfreen a and C will prove their mutual truth or error. By 
^^Keveiing and systematic repetition of these comparisons, 
^^wd results will at length be obtained. A,T\ii in ajid\\io"A 
^^Kbaif^ the two which are under compaufiCiQ. 'Kv'Otv &«a 
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edges together, and observing whether any light can pas 
between them, it will be found advantageous to lay tha 
side by side on a flat table or bench and to rub their cleaw 
edges somewhat forcibly together. Any prominent paO 
will then receive a slight burnishing, which will show uriiQl 
the file must be applied. | 

When one edge of each piece has thus been ren<Jei^ 
straight, the opposite one may be similarly treated ; the 
approximate parallelism being obtained, when necessary, fc 
the frequent use of callipers during the operation. Of th« 
instruments one example has already been given, and othfi 
will be found in a subsequent chapter (see Fig. no). . 
simple and very efficient substitute for them may be mat! 
by filing a parallel- sided notch, of the exact width require) 
in a piece of sheet metal. This forms a temporary gauge \ 
no mean accuracy when carefijily used ; a second note 
of shghtly greater width, to show when the desired limit ha 
nearly been reached, being a useful addition to it. 

Having now at least one thoroughly reliable steel straighl 
edge, we are in a position to commence the surface-piati 
themselves. Three hard cast-iron plates are required, sa> 
whatever their size may be— for this will of course vary a( 
cording to the purpose for which ihey ate intended — the; 
must have no tendency to bend or become distorted duriii] 
their preparation, or in after use. To fulfil these condition 
it is necessary to support their under sides by deep mail 
and cross ribs. If, however, the main ribs were to follm 
the rectangular outline of the plate, there should be a suppoi 
at each of the four corners, and any inequality of the bencl 
or olher surface on which il was placed would make thes 
bear unequally, and would be liable to distort the plate 
Sir J. Whitworth therefore devised the plan, now universal! 
adopted, of reducing the number of supporting points D 
three, and arranging the main ribs between them in th 
somewhat triangular form shown in Fig. SS. Upon th 
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e supporting points ihe roughed-out castings should rest 
wo or three weeks before the finishing processes are 
Tienced, in order to allow the plates to settle in the 
1 which they will naturally assume. 

iupposing a planing machine not to be accessible, the 
r surface of each casting must be prepared with a chip- 
; chisel and hand file, during which operations the 
wooden straight- 
edge will render much assist- 
ance in pointing out the more 
prominent portions, just as it 
n the preparation of the 
steel straight-ei^es. It must 
: be applied to all 
s of the surfaces, diagonally as well as parallel to the 
octangular piece of hard wood planed as true ' 
fe possible, may be substituted for it with some advantage, 
pit either of them must soon be rejected in favour of the 
2 accurate steel straight-edge, which can either be 
i to show any depressions by the jiassage of a 
^t of light between its edge and the surface, or be made 
to redden the projecting parts by smearing it with a mixture 
''' red ochre and oil. Moreover, inasmuch as files of con- 
^•ierable length only can be used, which cannot be made to 
e small portions from particular spots, as can be done 
pihe case of a narrow straight-edge, to which very light 
^ smooth files can be applied, it soon becomes necessary 
"'Substitute a scraper. With this tool very small quantities 
•"^ metal can be taken off at any required point, so that a 
^lerabiy flat surface will soon be obtained. Fig. S9 shows 
I'e method of using this invaluable instrument. 

One of the castings only should be worked up to the 
highest state of perfection obtainable with the steel straight- 
edge and scraper, the care bestowed upon it being repaid 
with interest during the subsequent processes. This plate we 
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will call A, the others respectively B and c. The face of a 
is now thinly coated with ochre and oil, b and c being suc- 
cessively made counterparts of it by repeatedly placing them 
face downwards on a, and then lowering with the scrapa 
all the reddened points on which they bear. This must W 
continued till the contact between a and b and a and c ii 
as perfect as possible, which will be known by the bearii^ 
points — at first perhaps only two or three in number, and O 



small size — having extended themselves so that the entire 
surface becomes reddened. ! 

A series of comparisons exactly similar to that describe^ 
in the case of the steel straight-edges, must now be cair^ 
out : — B and C being compared together, and corrected by 
removing an equal quantity from each ; a being then made a 
counterpart of B, and a and C compared with one another. 
If B and c have been perfectly equally reduced (and to 
effect this the greatest care will be well bestowed) their 
errors, which are equal in amount and similar in kind, will 
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^^B beeD entirely got rid of, and a will be found to agreed 
^Hi c, thus proving all three of them to be true planes. But 
^Bi not likeiy that this result will be obtained till the above 
^nuine has been many times repeated, in doing whicii the 
^Hne order should always be adhered to. As the proceW" 
^^bioaches completion increased watchfulness will be neci 
^Bjr, so as to guard against the introduction of fresh errors 
^K penalty for scraping off the slightest excess from 
^Bl bemg the performance of the dithoilt task of lowerii 
^K entire surface to exactly the same extent. 
^VWhen all possible care has been taken, it must 
^^pected that the surfaces produced will be absolutely true 
^Bfliathetnatical accuracy probably could not be maintained 
^Ben if it were possible in the first instance — but the approsi- 
^^ption to it will be sufficiently close for every practical 
^Hfuirement. The abandonment of the old process of a1> 
^Hinately grinding together with emery-powder and water the 
^^ps of a set of surface -plates, has been accompanied 
^B^ by the most marked improvement in their accuracy, bl 
^Hoby a diminution in the time expended upon their pro.' 

Iv Soon after he had thus successfully produced his 
I &ce-plates, Sir J. Whitworth entirely abolished in his own 
^Oorltshops the practice of grinding metallic surfaces together, 
^BdalEhough his workmen were considerably prejudiced in 
^^pRir of it, a very short experience taught them that scraping 
^Hd by far the quicker and more efficient process. Two 
• ftmsiderations point to the wisdom of this step : — first, that 
I My abrasive powder so used cannot but be irregular and 
I uneontroilable in its action, owing to the tendency of the 
I ptwder to dispose itself unequally over the surface, and also 
I to the fact that in grinding, as generally practised, sorae 
I parts are exposed to the friction for a much longer time than 
I others ; secondly, that any slides or moving parts of ma- 
[ (jiinery so treated, unless when finished they can be entirely 
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freed from the powder (which is ahnost an impossibility) 
become ihe instiuments of their own destruction. 

Three suiface-plales having been successfully ' originated 
in this, manner, two of them should be kept with scrupulou 
care for the correction or production of copies of sufficier 
accuracy for ordinary workshop purposes. Once in posse- 
sion of a reliable standard, the process of copying it involv* 
a comparatively small tax upon the patience and skill of lb 
operator. Not only is he no longer dependent upon a 
accurate straight-edge — he may, if he can avail himself of 
planing- machine, dispense with the whole of the rougHm, 
out process above detailed. With these invaluable machim 
— which are described in the sequel — the surface of tl 
rough casting can be brought to such a comparatively finish* 
state, that it may be at once compared with the standaJ 
surface-plate. This, being kept thinly and uniformiy re 
dened, will show the prominent parts, to which the applic 
tion of the smooth file, and subsequently of the scraj>« 
must be confined, as already mentioned. 

Long straight-edges, which^as stated above — are gen 
rally made of cast iron, require to be so constructed 
not to be liable to fiexure from their own weight when 
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different positions, nor from that of any articles which iW 
be placed upon them for comparison. The strongly-ribb* 
form of those made by Sir J. Whitworth will be intelligib 
from Fig. go, in which one of six feet in length is representc 
in elevation and plan. The width of its face is z^ inches 
cast iron straight-edges being always much wider than ste< 
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ones ia proportion to dieir length. Those which are lo feet 
long have a width of as much as 3inches,so that they resemble 
elongated surface-plates, and their preparation requires much 
greater time and cace than is necessary .in tlie case of those 
of small width with which we have been dealing. For with 
legard both to straight-edges and surface-plates, it will be 
nadily understood that any given length or area is worked 
up with far greater facility when it does not form part of a 
much greater length or surface, than when it does. On this 
' account surface-plates for ordinary work are less advanta- 
ouslj made of a square than of an oblong fomi — 2 : 3 being 
;t frequent proportion between the width and lengttk 
I special purposes, however, surface-plates of special 
p^es and sizes are often required, and for extending a; 
iae of great area, a good sensitive level is used in con- 
action with thera. 

phe use of a good surface-plate to the worker in metal i» 
Bciently obvious. It enables him, either by following the 
pie process for obtaining a true counterpart of its surface, 
pive almost perfect accuracy to the flat facets which occur 
the exterior of his work, or by completing the early stages 
'. to render them perfectly free from twist and promi- 
>, though not necessarily from depressions. A good 
play thus be ensured between the several portions of a 
iiine which are to be attached to one anotlier, with ao 
punt of labour which bears but a very small proportion 
rthat required for 'facing' a slide-valve, or any other 
I *DOYii)g parts. When several surfaces of moderate size have 
■^ be worked up on the same casting or forging, it is advisa- 
•^'e in the first place to rough out the whole of thera with 
Moderate accuracy, afterwards finishing them in the order 
'if their size. The largest, from which the correct posidon 
Of the other surfaces should almost always be detennmed, 
tt thus be first completed. If there be a second surface 
tUel to it, this should next be marked out, either with 
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a gauge of similar construction to the wooden marl 
gauge shown in a previous figure, or with a surfacti 
(Fig. 9t), used on the surface-plate. In a similar raa 
the truth of the edges — if they be at right angles tt 
face — can be tested conveniently by placing the i 
face downwards, upon the surface-plate, and applying 
the exterior angle of a steel square, which for this pu 
should have a wide back, so as to enable it to stand 
the Sluice- pi ate. 

But these methods of forming flat surfaces either ps 
or at right angles to other existing surfaces are availabl* 
when no very high degree of accuracy is required. In 
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for which they are insufficient it will be necessary to I 
them up with treatment of a very different kind. 

We will suppose, for instance, that three bars of rectai 
section are to have their sides and ends worked up sufiic 
truly plane and parallel to enable them to be used as 
dard measuring bars ; and less than three cannot be sui 
fully treated. With the assistance of one of a pair of su 
plates — of which the size must be suflicient to admit c 
three bars being placed upon it simultaneously — one s 
each bar is made as truly plane as possible, and upon 
finished sides the three are then laid in the position s 
in Fig. 91. The opposite sides, which will of course 
been made nearly flat and parallel in the preliminary ■ 
ing up to which all parts of the bars have been subjt 
are then tested by applj-ing to them the other surface 
reddened ; iheir prominent parts w\\\0[i iec.e«e ■&« < 
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ng successively lowered in the ordinary way, till tiie whole 1 
the surfaces are proved, by being uniformly coloured, to be I 
one and the same plane. If this plane be perfectly parallel 
the surface upon which the bars are resting, they will be I 
ually and uniformly coloured on applying the upper surface- | 
itCjafter turning the central bar (B) end foe end {as shown in I 
; figure), or after changing the places of A and B, or B and 1 
Butif each bar either has one of its edges or one of its ends 
jher than the opposite one, the reddened plate will no longer ■ 
ke its bearing upon the entire surfaces ; and the treatment 
ust be continued — scrapiog away the coloured portions, 
en changing their positions from side to side, and reversing . 
ifDi end for end — until the entire surface is reddened, in ^ 
liatever position the bars may be placed. This, as might | 
■ expected, is often a work of very great labour, especially I 
'en, after making them parallel, one of these sides has to I 
Uniformly lowered in each bar in order to make the 1 
ckness correct. This thickness can only be satisfactorily | 
ted with the aid of a measuring machine. j 

The next step will be to make one of the remaining sides J 
each bar perfectly perpendicular to the two sides which 1 
'e just been rendered parallel, and the method of doing 1 
a will be intelligible from 
\. 93. One side {wi 
' of the bar A) is first - 
>ught to a true plane i 
; ordinary way. A second " J 

r (B) is then similarly treated, its exact correspondence J 
Ji the first being ensured by frequently comparing theni 1 
[ether in the manner shown in first portion of the figure, 1 
! side of A being reddened to show the extent to which the I 
3 are in contact. When their agreement is perfect, one of I 
; bars must be reversed ; the etfect of which will be, if ] 
MT former plane of contact was perpendicular to the hori- ' 
iCa) surfaces, to leave their agreernenl as ^rteiA as Vi^oit, 
^ifnot, to make the error appear to Aie tmee as geaXaa'a^ 
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reaily is, as is represented (greatly exaggerated) in tl 
half of the diagram (Fig. 93). Equai amounts must then 
removed from the prominent portions of these sides ui 
their contact is found to be perfect in either position. 
side of the third bar can be made correct by testing itwi 
either of the other two, after which the fourth side of eai 
must be made parallel to that which is opposite to it M 
the thickness corrected as before. 

We have thus worked up the whole of the sides to li 
condition of plane surfaces truly at .right angles to 01 
another, the bars being now " die-square," as it is terms 
throughout their length. It only remains to reduce to I 




same conditions the end surfaces — which in the bars HQJ 
consideration are turned down from a square to a circu 
form. For this purpose there will be required, in the f 
place, a small surface -plate, called a ' trial plane,' a 
secondly, a cast-iron bed, having on its upper surface a 
groove, of which the sides are truly plane, and at iSj 
angles to each other. The ends of the bed must also 
made approximately perpendicular to the direction of 
groove. One of the bars being laid in this groove — a 
throughout this part of the process each is treated qi 
independendy of the other two — the trial plane is appi 
to the end of the bed in the manner shown in Fig. 94, 
it is found that whilst the reddened trial plane is h 
firmly in this position, a portion only of the end surface of 
bar is coloured by it, scraping i:nu=,i be tiid recourse to t 
be continued till coloration of *e ewute saifa-ca ^ansfc; 
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in one and the same plane n-ith the extremity of the bed. 
[>n now laying the bar upon those which before were its upper 
sides, perfect coincidence with the end plane of the bed wili 
obtain only if this plane be truly perpendicular to the axis 
of the bar. Any departure from this direction will be ren- 
dered evident by a portion of the surface only being 
coloured, owing to the imperfect contact which the right 
hand portion of the above figure so plainly shows. This 
must be corrected by scraping the ends of both the bar and 
the bed. 

"When tlie sides or edges of a piece of work are inclined 
instead of being perpendicular to a previously formed sur- 
face, the correctnes.s of the inclination can be tested approxi- 
mately by means of a bevelled square, set either permanently 
or temporarily to the proper angle, and used either with or 
without 3 surface-plate. But a more usual method is to pre- 
pare a femplale, by cutting out a piece of stout sheet metal 
I to the converse of the required form. Templates are also 
much used in working up curved or irregularly shaped sur- 
faces. When many of these have to be worked to the same 
curve or angle, a pair of templates, called respectively a male 
»iid female template, is generally made in the first instance. 
Each of these is the counterpart of the other, their perfect 
^reement being tested by holding them up against the light 
~floiie of which should pass between their edges. Any 
^Herioration in the form of the one which is applied to the 
*wt can then be at once detected by comparing it with 
"^e oiher. But in the treatment of the flat portions of any 
piece of work, whatever may be their positions with regard 
'° each other, templates alone should not be relied upon, 
^he relative positions of the surfaces having been estab- 
/""hed by means of tliese plates, their flatness should always, 
'• possible, be checked by applying them to a surface- 
Plate. 

When the work itself is not readily moveable, owing to its 
A^^rijCTcauses, the surface-plate can bejiftetl t 



136 



Workshop Applia 



: handles, and applied to it with almost equall 
effect 

Besides the perseverance, which, as weha^'C said, 
essential to anyone who would put in practice the inst 
above given, his success will to a great extent be 
by the amoupl of skill in the use of a file to which 
, attained. A few hints on the subject may, thereft 
acceptable, although the art is one which can be th( 
acquired by practice only. 

Files, inasmuch as they differ from cutting tools gen« 
in being incapable of being sharpened, demand greater ec* 
nomy in their use. On this account, a new file should 
always, if possible, be first used upon brass or cast iron, for 
with these metals a blunt file is comparatively useless; after- 
wards upon wrought-iron or steel, which do not require 
similar sharpness. On the same grounds it will be found 
^vantageous in all cases to use as rough a file as circum- 
stances will permit. 

The destructive effect of the ' skin ' of cast iron upon lie 
teeth of a file has already been mentioned. In the lare 
cases in which it is necessary to attack it ivith a file, one 
which is too blunt for other work should be employed, bat 
it seldom happens that the surface cannot be prepared t& 
some extent, either by planing, chipping, pickling, 
grinding upon the grindstone. The last of these processc! 
is much to be recommended on economical grounds — r»*3' 
only for castings from which much of the material canr*** 
be spared, but also for taking off the 'scale' produced 1^ 
the superficial oxidation of wrought-iron when being forg^" 
which is also to some extent injurious to a 61e. Brass ca^' 
ings, although they are not hardened by the chilling effect 
a sand mould like those of cast iron, must also have the saK^' . 
which adheres to them removed by pickling or by cleani*^! 
them with an old file before a sharp one can be 
upon XhcTa with impunity. 'La.sfty, \\\e qi^-\^»it shou^' 
\ lememhex that a file will not lopg cocttiTOg >te«o.Si\« 
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^Hto come into contact th the ja is of the v ce n which 
^^P 'work is so frequently supported 

^HThe chief cause of the greater d fficulty n handl ng nhicli 
^^K file presents to a beginner as compared ii h [he gene- 
^^Bty of cutting tools 1 e n the sn all amount ol guiding 
^^■wer which it possesses in proportion to the accuracy of 
^^K work demanded of it S nee ts nl ole s rface consists 
^H a series of cutting edges or po nts t e dtni that 
^Hose which are in ac on at any one t n e will perform equal 
^Blares of the work only vhen a perfectlj equal feeding ' 
^^pessuie is applied to each of them In the due propor- 
^^Boning of this pressure 1 es the whole secret of success. 
^B Let us consider hovths must be eflected when c is re- 
^^Bvured to file upon a p ece of metal of sn all width a face 
^^berfeclly flat and parallel to ts ex st ng face Its section 
^^fcnd that of the file teeth in contact th t — both much 
^Benkrged — are represented n F g 95 In o der that 
^P the successive cuts may be str ^ht and parallel, it 
H is necessary that the pres 
9 Bores A and B be cons antly ^ I a 

,1 ^Hal, an equal q an .,^ 

.m "f the material be ng th "^ ~— 

W «id then only, ren o d L ^ ^ 

f ^■ach tooth. But — ^s ^ — ^^^ 

f j^e handle of the file t 

'*e]d in the right han I and , 

t'^^int in the left— dunng each fig, 95. 

tjoke the leverage at which 
, *^e pressure applied by each hand is acting, is constantly vary- 
*~ig; the right hand having largely the advantage at the cora- 
*Viencement, and the lefl: at the end of the stroke. So the 
Effect of the natural tendency to equalise as much as pos- 
sible the pressures applied by the two hands, is, at first to force 
^Tito the work the teeth on the side B, almost neglecting those 
^t A, gradually to diminish this inequaWtv Ofi K^^ToasbKyf, 
«*e centre of the stroke, and agdn lo mciea.?ft 'A \Rj5^ 



•i35 



WbrSsie^ A^S^tw.' 



opposite direction, after the central- point has Been passe<3 
Consequently, as is shown in an exaggerated manner iJ 
Fig. 96, the side B at tlM 

commenceinent, and ch' 
side A at the end of eacJ 
' stroke, will be filed aval 
to too great an extent — ■< 
convex surface being th.tM 
produced instead of a flat one. Until he has complete!"" 
overcome this tendency, which practice alone w-ill enabM 
him to do, the beginner should not rest satisfied with his pe** 
formance. By carefully feeling for the position at whidi 
the file bears evenly upon the whole surface which it covers* 
and checking its disposition to tilt upon either edge at ai^y 
part of the stroke, he will gradually acquire the habit *» 
moving his hands in the nearly horizontal line required, a»» 
so varying the pressure applied with each that it shall t>* 
constantly uniform on all parts of the work. 

The case of filing a narrow facet, such as we have been 
considering, although it affords a good illustration of the 
difficulty of handling a file, is not to be recommended for 
practice till considerable success has been achieved with 
rather wider surfaces. For this purpose the best width is 
from about one inch to four inches, according to the size 
of the file and the capability of the operator. But whatever 
its size, the work should always, if possible, be so fixed that 
the siuface which is to be filed shall be horizontal. 

Wide surfaces— those of surface-plates, for instance — 
present other and at least equal difficulties. It then becomes 
necessary, as we have seen, to localise the action of the file, 
which of course would be impracticable in filing a flat surface 
with a flat file. Advantage is therefore taken of the convexity 
which to a greater or less degree is given to almost all files— 
partly to enable them to be used in this manner on large 
surfaces, but more especiaWy on accoviivt ol "Cue. ^eaX d\£- 
^culqr which exists in maintaimns live ^t^o- tovm. <A -CBfe, 
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Bank' during the processes of cutting and tempering. (The 
Kessity for guarding against thus making either side con- 
We, is obvious ; inasmuch as it could then never be used 
Hon any flat surfice.) To apply the pressure to a file of 
K slight convexity in such a manner that it shall be in 
Hhtactwith the work only in the part intended, will be 
Bmd to require no inconsiderable skill, owing to the very 
■ball amount of guiding power which it possesses. Short 
Brokes, with the application of local pressure by placing 
Be fingers of the left hand on the back of the file just over ' 
Biespot to be lowered, axe often advantageous ; but in order 
K become a master of the art, the reader must submit to 
He tutorship of experience, for which verbal instructions 
Be an utterly inadequate substitute. In whatever manner 
K file is held, it should be almost relieved from pressure 
Bring the backward stroke, in order that the teeth may not 
fc blunted or broken by forcible contact with the work 
Kiilst they are placed unfavourably for off'ering resistance to 

■Wth regard to the height at which it is best to fix a piece 
■ work which is to be filed up, that of the elbow of the 
fewator will form an approximate guide ; heavy work being 
Blliewhat lower with advantage, so that more of the weight 
■the body may be brought to bear upon it, and small work 
png more convenient when rather higher. In the latter 
Rse the height is generally regulated by that of the tail- or 
B*ich-vice, into which a block of wood for supporting any 
BjMt of irregular form can be so easily fixed. Thus, when 
Bis required to reduce with the file the diameter of a wire 
pother small cylinder j a piece of wood being fixed in tlie 
■*! a notch is filed in it, and the wire, supported in this, is 
C^ed with the left hand through about a tiiird of a circle 
ping each stroke. When the file, as in this case, is held 
■*he right hand only, the requisite pressure is frequently 
B*n \>y extending the forefinger along the back of it — as 
Wo/ding 3 carving knife. But into the c,(i'as\i«aWO'a. ^^ 
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the treatment of curved surfaces, either convex or concave, J 
we will not here enter, for they will present no insuperable m 
obstacles to anyone who has become sufficiently adept to I 
produce a true flat surface. I 

There is no fixed position In which to stand while filing I 
up a piece of work ; that can only be determined by the I 
character of the material and the surface to be filed. Thin, 4 
and also very small, surfaces are liable to rip the teeth oft 
the file; when convenient to the manipulator, a thin edge B 
may be prevented from injuring the teeth in some measure, V 
by taking up such a position that the file may lie direcilj ■' 
along the work rather than directly across it. K 

In bringing any piece of work to a finished surface by K 
using files of successive degrees of fineness, care should be ■ 
taken entirely to remove the teeth-raarks of the preceding 1 
file before passing on to a smoother one. The practice o' 1 
drawing the file sideways along the work, which to sona* ' 
extent prevents its leaving the marks of its teeth, is not t* 
be recommended ; nor is that of giving it a rubbing motio"*^ 
by which the surface becomes covered with curled scratched' 
instead of the parallel lines which result from a series C^ 
straight cuts given with the entire length of the file. Wh^-"* 
great smoothness is required a little oil may be used with ' 
smooth file, which will diminish its tendency to becom^^ ' 
pinny, from the fibres (in the case of WTOUght iron, &c— — *' 
being torn up and clogging its teeth. As good work cannc— 
be produced with a file in this condition, a 'nvczfiU-brm^^^ 
should be constantly at hand for clearing it when necessary*'*'* 
any very persistent particles being removed with the scribei 
tor some other metal point 
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ON FOOT-LATHES. 



toast of the processes which we have hitlierto been con- 1 
g, the work is kept stationary, and the necessaiyj 
I is imparted to the tool. In the various forms of ■ 
—to which we must now pass on — this operation isl 
lost always reversed, the work being made to rotate, J 
list the tool is moved to a comparatively trifling extent, 1 
e great facility with which moderate truth of figure c 
nhis way be given to cylindrical work, and the endless^ 
iety of forms which result from combining the mo 
i.work with that of the tool, have made the lathe one of, J 
I most widely applicable, as it was one of the earliest J 
r aH machine-tools. Not only can the hand-turner, in his-J 
comparatively simple form of the mstrument, produce with] 
Some half-dozen chisels, gouges, &c., any number of in-.i 
tricate mouldings, for each of which the joiner would requirffB 
* separate moulding-plane, but, by giving a perfectly unifona' J 
inoiion to his tool, he is able to cut spirals or screw-threadsB 
of any required depth or delicacy. For this latter purposes 
^one the lathe is quite indispensable to the Millwright or J 
*"e Engineer, since by means of it — when at least it ii 
PJ'ovided with the automaric arrangement, which will here 
^er be described — he is enabled to produce screws of a 
'Squired diameter, or of very great length, with an amountl 
^' speed and accuracy quite unattainable by the methods^ 
PJ'eviously mentioned. 

In its original form the lathe was doubtless a very simple 
*nair, probably differing but little from the old pole-lathe, 

S\ may still now and then be met with in a village 
SMert Aop. Fig. 97 shows the pimdpVe ol v'a too.- 
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stmclion, and renders intelligible how, without any metsl- 1 
work whatever with the exception of the two dead centre^ 
screws and a tool-rest (the latter omitted in the Fig.), it is I 
isible to construct a lathe which would at least render-l 
much assistance in the manufacture of a bedpost. 




obvious that this machine is not adapted either for accurate 

or speedy work, the backward and forward motion obliging 

the turner to waste one-half of his time whilst the spring 

lath (whence the name latlu) is raising the treadle, and 

thereby producing a revolution in the wrong directiori. 

The introduction of a crank and flywheel, by which the 

I ledprocating motion of the foot is converted into one of 

^ continuous rotation, and the lepVa-cemftvit ot oYie. of the dead 
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; by a headstock cap:Lble of supporting a majidril 
k a. pulley upon it, were most important improvements, 
1 are beEeved not to be of very ancient date. But, 
1 the exception of the crank and the mandril, the change 
J not necessitate the use of much ironwork, inasmuch as 
I bed, flywheel, pulley, and headstocks could still be made 




post entirely of wood. Lathes of this kind may even now 

I found in use among soft-wood turners, who, for small 

:, require a light flywheel, which can be quickly brought 

I to a high speed, and as quickly stopped. For many 

i, however, timber has been giving place to metal in the 

ruction of foot-lalhes, and it is now rarely employed 

r the beds or framing of those which are intended 

ning. For the numerous ^owedvA SasSri.- 
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ments which the Engineer includes under this head, it is o£; 
course wholly unadapted. . , V 

Fig. 98 represents an ordinaiy mechanic's Foot-La^^ 
the b«d (a), the standards (b), the headstock (1), fiyvheA 
(i). &C., being of cast-iron ; the crank-shaft (h), the chain (fM 
the framing of the treadle (e), &c., of wrought-iron ; thn 
mandril of stee!, and its bearings of gun-metaL The cdf^ 
parts of it which are of wood are the backboard (m), aniM 
the front of the treadle (e). The conical form of the UfA 
wheel and pulley enable their relative speeds to be varieda 
so that this lathe can be used either for wood or braaui 
either of which require considerable speed and but lill^ 
power ; or for iron or steel, for which these conditions must} 
be reversed. I 

In the case of soft materials, the size of the work is 
limited as to length by that of the available part of ^ 
iathe-bed, and as to diameter by the height of the centre o£ 
the mandril above it. As the diameter of the work cannot 
be more than twice this height, it is necessary to know it* 
and also the length of the bed, in order to judge of the 
capabilities of a lathe. That in the figure would bs 
described as a ' s-inch lathe, 3 feet 6 inches bed." 

For the use of amateurs, lathes are made in considerilite 
variety. It is generally required of them that they shall be 
light in appearance, well adapted for either soft or hard 
wood, and also for light work in metal. For the first of 
these purposes it is essential that a lathe should run fteely 
at a high speed, a condition not often (ijlfilled by those of 
the class shown in the preceding figure. Considerable gain 
in this respect results from the abandonment of the parallel 
bearings of the mandril there depicted, in favour of that 
shown in the section of the Jvj( Hmdstock, which occupies 
the left-hand portion of Fig. 99. At its hinder end this 
mandril has a steel centre-point, which is supported in the 
slightly hollowed extremity of a screw, also tipped with 
sleel. A fine leading-hole dtiUed ittti-j to fc«, ctmit-Mivs fat 



Headstocks of Foot-Lathe. 145 

c little distance into the body of die screw, the tendency 
ffthe point to follow this when any wear takes place being 
ance in maintaining the truth of the centreing 
llhe mandril. The other — the front — bearing, is parallel 
By for about five-sixths of its length, the remainder con- 
' g of a conical shoulder, which — by means of the screw 
■ the opposite end — is just kept lightly in contact with a 
pel ' bush ' in the face of the headstocic The whole of the 
g portion is case-hardened, and should be so carefully 
) the bush that, altliough capable of revolving with 
bfeci freedom, not the sligntest tendency to ' shake ' in a 




ection transverse to its axis can be detected. In good 
lathes of this kind, the conical pulley of the mandril is 
Eenerally made of gun-metal ; and if intended for oma- 
Dientai Engine-turning, its face is graduated with scales of 
equal parts, into the use of which we cannot enter at present. 
The flywheel in these is often provided — in addition to 
the series of grooves round the periphery, which appear in 

\ Fig. 98 — with an inr.er ring, having upon it one or more 
grooves of very much smaller diameter. By passing the 
iathe-band round this ring and into the largest groove of 

■_pie pulley, a very slow speed can be given to the mandril. 

Br Besides the fast headstock, the bed of a foot-lathe has to 

^^^njraXefi, to enable the tool to be hdi atenfii-j ^ 
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ihe work, and also a Back Poppet, for liolding a steel [jOhH ■- 
or ' back centre.' In Fig. 98 these are marked respecdvelif ■ , 
d and c, but the construction of the latter will be found to m. 
be much more intelligible from the section of a Poppet-held ■_ 
in Fig. 99, which, although adapted for a lathe of a superiot L 
class, does not differ from the other in principle. The chief L 
use of the poppet is to afford support to any piece of woril I; 
which would otherwise be unsteady, by giving it a bearing L 
against the back-centre, which is made of steel, and, teing I, 
pointed, does not interfere with its revolution. It is h^Wy m 
important that the centre should be always exactly in ^^ \ 
line of the axis of the mandril, whilst at the same time ihe 1 
distance between it and the headstock must admit of ready I 
and rapid adjustment. The poppet is therefore made movC' I 
able along the bed, but its motion is confined to one straight I 

I Une by one or other of the methods mentioned beioff! * 
screw, working into the tapped hole which appears in d*® 
- section, enabling it to be securely clamped after b^^ 

I brought up to the extremity of the work. The back-cept** 
can then be adjusted, so as to bear with a greater or leS* 
' pressure, by turning its hand-wheel, which works the slicU**^ 
cylinder by which it is carried. An examination of the sC*'' 
tion will explain the reason of its movement. The spind** 
upon which the hand-wheel is keyed is screwed for abo** 
half its length into the sliding cylinder, this being ma"* 
hollow in order to receive ic. But a large shoulder, whi*^*^ 
is kept up to the back of the poppet-head by a cap, pC 
vents the spindle from changing its own position ; and 
pin, running in a groove upon its under side, resists apy 
inclination on the part of the sliding cylinder to revolv^ 
with the spindle. When, therefore, the hand-wheel is turned» 
the cylinder is made to slide, towards the mandril when tb^ 
upper part of the wheel is moved to the right, and away 
from it when to the left, the screw upon the siiindte being 
made left-handed with this intention. The back-centre 
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lus satisfai^torily adjusted, the sliding cylinder ' 
« clamped by the set-screw above it. 

Uing metal, &:c., with a drill attached to the mandril, 
r plate, flat in front and having at its back a boss 
g into the end of the sliding cylinder, may often be 
jj" advantageously substituted for the steel point. 
_^ i Rest (d, Fig. 98), requires much greater freedom of 
Mtion than the preceding ; but it must equally be capable 
of being firmly clamped in any required position. This is 
provided for by making a dovetailed groove in the base to 
ffhich its socket is attached, a bolt, of which the heads fit 
'oosely into this groove, being passed between the cheeks of 
the bed to the handle (k). By giving hdf a turn to this 
liandle, so as to screw it a Httle farther up the bolt, the 
'est can be instantly made firm, although, as long as the 
'oil is left slack, it can be moved freely to any position, 
■*tler parallel, transverse, or diagonal to the bed. Lastlyj 
he height of the T (which forms the actual rest for the lool) 
■^Ji be varied by sliding it into or out of the socket, in the 
*^e of which is a set-screw, by which sufficient pressure can 
J^ applied to hold it firm. T-pieces of considerable lengthj 
^ir long cylindrical work, and of great width upon the fac<J 
"^r supporting the turning tools used for wrought-iron, &c.^ 
^Xe generally amongst the ordinary apparatus supplied witi»a 
■- foot-lathe. | 

The 5^1/j of turning lathes generally consist of two rigid I 
^ieams, or ' cheeks,' set perfectly parallel to one another at I 
a few inches apart. These are in many instances of pre-1 
cisely similar section, as in the lathe represented in Fig. 98,,! 
where the upper surface of each is broad and flat. In sucl»l 
cases the poppet is kept straight, at whatever part of the bed.l 
it may be placed, by a wide feather, which is cast on thej 
under side of its base, and which exactly fits the spaccB 
between the cheeks. This feather cannot be seen in Fig. gS/J 
and it is in section, together with the rest of the headstocka,,! 
w J'jg. ffg; but in the latter its degtik is ^Wiwo. Vj '^a 
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dotted line, which indicates the level of the surface of the 
bed. The same end may be gained without the employment 
of a feather, by making the upper edge of one, or both, of 
the cheeks angular instead of flat, and forming a V-shaped 
groove (or two, if both the cheeks be angular) in the base 
of the poppet-head. Another method, which may often be 
seen in the small lathes used by watchmakers and others, 
consists in making a single bar of triangular section con- 
; the bed, the poppet-head being, as it were, placed 
astride upon its upper edge. The rest-socket then requires tc 
be upon a small sliding table, as indeed it generally is when 
there ate two cheeks, unless their surfaces are of ample 
width. This form of bed, which is very effective in prevent- 

g lateral motion on the part of the poppet, was devised by 
Mr. Maudsley, and was used by him for large lathes as well 
as small ones. For the former, however, it has now been 
iCntirely abandoned. 

Laihe^bands, by which the power is transmitted from the 
flywheel to the mandril, are usually made of a single length 
of catgut. The ends are screwed into a pair of small steel 
sockets, one of which terminates in a hook and the other 
1 eye, so that they can be connected or separated at 
pleasure. When bands of different lengths are used on the 
same lathe, this method of connecting them is advantageous ; 
but when slight variation of speed only is required, as in 
the case of wood lathes, the following arrangement will be 
found to reduce the friction upon the mandril bearings, and 
by consequence to lighten the labour. The diagram (Fig. 

>o) will almost explain itself, the peculiarity of the system 
being the introduction of an overhead frame carrying a freely- 
revolving pulley. One end of this frame is hinged to the 
wall, the other being lifted by a cord with a weight attached 
By increasing or diminishing the weight, any desired 
degree of tightness can be given to the lathe-band ; but 
inasmuch as it takes a whole turn round the mandril pulley 
instead of iess than half a turn, \ia ^.e^idewt-j to ^^ v 
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much diminished that it can be kept corn para Lively loose. 
Moreover, the tension remains constantly uniform, in spite 
of changes in the amount of moisture in the atmosphere, 
which alter the length of a gut hand 
to a considerable extent, A single 
groove only on the margin of the fly- 
wheel is required on this system. 

The tools of the professional wood 




Fjg. ioi —Turning Chisel 
^d Gouge (il. 

turner form a striking contrast, in point of number, to tlie 
phalanx which the maker of amateurs' lathes and his 
customers generally seem to agree in considering necessary. 
For soft wood, the former is satisfied with two or "Cmte. gmiges 
and ehis£s of different sizes^the largeT ones Wn\t\^\\3.-s\&ss. 
of great length, as shown in Fig. 101 — a f)arting-tool,«t^ 
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for occasional use, a sids-tcol, one form of which is given in 
I Fig. 102. The rounded edge of die gouge, and the oblique 
I doubly-bevelled edge of the chise!, should be noticed, as 
r they differ, both in form and acuteness, from those of the 
f joiners' tools, figured in Chapter II. For hard wood, the 

turner uses the same gouges, &c., merely grinding them at 
ore obtuse angle ; and he also has frequent recourse 10 

scraping tools, of the same character as the side-tool as 
. regards their edges, but of various sizes and shapes. One of . 
[ the most useful of these is the round too! {Fig. 103), which, 




almost takes the place of a gouge for roughing out bra! 
other hard but not stubborn materials. Various mould! 
tools, of more or less complicated forms, are to be met with 
at tool -dealers', but rarely at turners', shops. The latter 
generally prefer to use as simple a tool as possible, in special 
;s altering its form to suit their purpose. A good grind- 
stone, ready for use at any moment, is therefore a first 
essential to the turner, as it is indeed to everyone whose 
K'o/i" depends upon the efficient svaie oC Kw o\«.w\g, tools. 
yWi'th soft materials especiaUy, uo atiiovm\.ol s\Sa.wwiA.- 
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per will remedy the evils which result from working with 
[nt or badly-sharpened tools ; and the first lesson which 
Jbuld be learnt by every would-be turner, is the art of 
feng bis grindstone and oilstone with speed and effect. 
te edges of turning-tools which are intended for soft wood 
lould be ground to an angle of from zo" to 30° ; those for 
d wood, to from 40° to So" ; whilst those which are to be 
ked for brass may even exceed this latter angle, having some- 
pies a thickness of as much as 90°. In grinding turning 
s, of which the edges possess the double curvature which 
fres tbem the circular or elliptical oudine seen in the above 
—and the sides may often be advantageously ground 
lipay even more than is there represented — the wrist motion 





ientioned in connection with the grinding of carpenters' 

i required, and, in addition to it, constant change 

p the height at which the tool is applied 'to the stone. In 

E round-nose and such tools, of which the edges are curved 

I this one direction only, a similar change of position upon 

E stone is also necessary ; but in their case it must not be 

Scompanied by any revolution about the axis of the tool. 

iAraong the tools for hard wood and brass should be in- 

ided the hand chasing-tools with which screws are cut, 

uefly on these materials. Fig. 104 gives the side and back 

n of an outside screw-tool, and Fig. 105 the side and front 

a inside screw-tool, the latter being, used for cutting 

|e.*creira. In cLtting a screw mxh. d'ii.et o'i. ^esR,^ 
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perfectly uniform motion parallel to the axis of the work 
must be given to the tool, the speed being such as to make 
it advance one thread during each revolution of the mandril, 
As might be expected, the operation requires considerable 
practice, especially in cutting coarse threads, for which the 
motion of the tool is considerable — error in the speed im- 
parted to it resulting either in uneven or ' drunken ' screwj 
or in double threads. But a good workman can thus pro- 
duce ivith ease and certainty screws of the greatest cleanness 
and deJicacj-, and — the pressure required being very sli^t 
— they can be cut by this method on the thinnest and most 
fragile materials, which would be quite unable to resist the 
more violent treatment to which they would be subjected in 
the screw-cutting processes previously mentioned. This 
system is used to a very great extent by opticians for the 
brass fittings of telescopes, microscopes, &c, the thickness 
of the brass ' triblet ' tubes employed frequently exceeding 
only to a very small extent the depth of the screw-thread 
which is cut upon them. 

For turning iron — more especially wrought 
iron — and steel, the preceding tools are not 
well adapted. For this purpose a slow modoD 
must be given to the lathe, and the edg;e and 
inclination of the tool must be such as to 
give it a cutting rather than a scraping action. 
This end is tolerably well fulfilled by the 
Graver (Fig. loC), the cut being made widi 
the edge rather than with the point; and 
it is still more effectually gained by some 
form of Heel-tool, such as that shown in Fig. 
107. In using these tools, the ' heel ' is sup- 
ported by the wide and flat-topped T al- 
ready alluded to; and the pressure produced 
the cut is thus transferred direcUy to 



[ the rest-holder and lathe-bed, 
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\upon the hands of the worVLman. "Bv^V "Cne ■cicckshs^ feie 
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Og the tool completely under control, and the small 
lant of motion to be given to it for determining the 
I of its cut, obliges it to be securely fixed in some long 
Ipowerful handle. It is therefore used with a lool-holder, 
i that which appears in the engraving, being laid in a 
on its upper surface, and there held by an eye-bolt 
Jch passes through the handle, and which can be tightened 
■ a nut at the lower end of it. The tool-holder is of 
pcient length to pass under the shoulder of the operator, 
lupper portion being firmly grasped by his left hand, and 
^ handle held in his right The tendency of heel-tools to 
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fch into the work can thus be resisted ; and when once 
S difficulty has been overcome, they will be found to be 
(ily managed and very effective. Besides these, tools of 
ff other kinds may be used for hand-turning iron and 
Hilar stubborn materials ; but since the introduction of the 
jde-rest their occupation has so nearly gone, that our avail- 
Ue space will be more profitably reserved for the con- 
Beration of those used with this invaluable instrument. 
■The very varying nature of the work which a turner is 
Sled upon to perform demands similar variety in the methods 
I which he connects it with the mandril, so that it may 
's levolution. For this purpose Ve -5 
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with an assortment of chunks, which, being fitted to the 
mandril by means of the coarse-threaded screw at its et- 
tremity, can be readily attached or removed from it. Coni- 
mencing with those which generally accompany a wood- 
lathe, we shall find that the one which Bho\ra the smallest 
advance upon the old system of fixing between two dead' 
centres (as in Fig. 97), is ^& fork-chtick (Fig, 108). The 
fork being driven a small distance into one end of a 
piece of wood, the other end is supported by the back- 
centre. For work which requires to be turned on the out- 
side only, without being ' hollowed ' at all, this method of 
fixing it has much to recommend it, especially when the 
length gready exceeds the diameter. For rather harder 



materials a smaller kind of fork is often used — the Cross 
Kerf — of which the prongs are arranged thus { + ), enabling 
work of much smaller diameter to be turned up to the end 
without fear of their coming into contact with the edge of 
the tool. In either case the fork is fitted, either moveably or 
permanently, into its chuck, which may be either of wrought 
or cast iron, brass, or gun-metal. The latter material is 
generally used for this and a.lso for the Cup-chucks (Fig. 109), 
which are supplied with the more expensive wood lathes; 
but it seems to possess no advantage, at least over malleable 
cast iron. 

Of all the chucks employed by the wood turner, cap- 
chucks are by far the most generally usefial. From three to 
SIX of them, of different sizes, are \is«a.% sviy^'i^ ; *°*1 * 
, ^w shillings spent in increasing "i-Vve numtaw ViSi oSxrax ^kjsi 
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rave been well invested. With the details of the process 
bchucking ' we have not here to deal ; but the knack of 
dily obtaining a thoroughly good fit between the wood 
\ the chuck is one which it is most important for the 
■ to acquire. In doing this a handy workman will 
n rare cases have recourse to his callipere, although 
Obtaining a fit between two ponions of his work, or in 
fcng from a pattern of which a correct copy is required, 
|r will be in constant requisition. Two pairs of turners' 
lipeis are shown in Fig. no, cue of them having points 
Kich end of the legs, of which the distance apart is con- 
Bnily equal, so that the agreement between an outside 
pacnsion measured with 
^ one and an inside di- 
nsion measured with the 
ler can be easily verified. 
hice well fixed in a cup- 
kck, the work — except 
its length exceeds 
|>ut twice its diameter — 
■) support from 
\ back centre, so that it 
1 be drilled or hollowed 
\ or the rest can be fixed fic. ho— Caiiipcis (j). 

T at right angles or ob- 

fcely to the axis, and the 'face' of the work be turned up 

my manner that may be required. Besides metal cup- 

icks, the turner frequently supplies himself with others 

ide of hard wood, 'tapped 'to fit the mandril screw. These 

Q turn away to fit any special or valuable piece of work ; 

n general a more ready means of effecting this purpose is 

n up a small piece of hard wood which has already been 

a metal cup-chuck, inasmuch as it is then effectually 

Rented from splitting. Special cases, however, vrill fre- 

(ntly be found to ocatr, in some of which wooden chucks 

^reitrafc/e; as, /or instance, the ' spiing c.M-\i-claic;*&' ^se«^ 
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for turning billiard and other balls. TTiese consist of w 
cups slightly too small in diameter, having longitudinal J 
cuts made in them, so that they spring open when thev 
pressed into them. These and similar temporary c 
— . in the preparation of which some c 

tK^J% required, snd which are likely to t] 
■^^VUv^ occasional future service, are within J 
^^^BW true province of wood chucks- 

purpose for which they are much I 
Sc«I^fl).' preferred is for work which c 

attached by being glued to the ( 
which is a fre<juent and very efficient way of fixing 1 
pieces of wood, of either large or small diameter, which ■ 
to be turned 'plankways' of the grain. Where a 



Fio. 11 J.— Cmncing Square. 

the centre of the back is immaterial, the screm-chiick \ 
i) can also be used in such cases. 
In connection with this last chuck, we may notic* 
centreing square (fig. iia), a simple expedient for i 

centre of any circular piece of wood, or other 
of which the radius does not exceed the length of the b 
Bringing the V-shaped stock up to the circumference i 
two positions, and passing a pencil or scriber along the 
the point of intersection of the lines so drawn shows at^ 
the centre of the circle. For metal and other work, of w 
the ends are circular and ot s.ina.\\ dxameXei, \lcvfe c.«»st 



Dog and Driver. 

tiil more readily found by means of the centreing punc^^ 
113), which is merelya painted steel punch with parallel 
i, sliding freely in the stem of an inverted funnel, or 
rang cone. To whatever distance the 
liar end of the work may enter this cone, 
point of the punch will be always at its 
re, which spot can be marked by giving 
top of the punch a light blow with a 
Without the cone, the pointed 
punch is to be met with in every 
which metal-turning or drilling 

ried on. 
)f chucks for the attachment of metal 
k to the foot-lathe, two kinds only de- '''°' "^^ 
id attention here, namely, those used 
the arrangement known as Dog and Driver, or Driver 
rCamVr,and the so-called American inventions, the&ro//- 
Most of the others are merely small sized copies 
those in use with 'power-lathes,' in connection with which 
y will best be described. Indeed, the same might be said 
the driver and carrier, but for large work an improved 
D of driver (Clement's) is now chiefly used, and we are 
aware that it has at present been applied to foot-lathes. 
Hie principle of the driver and carrier consists in sup- 
ting the work upon two steel points by means of a 
U centre hole at each of its ends, one point being at- 
ted to the mandril, the other to the poppet or back 
i thus rigidly supported, and is incapable of 
motion except that of revolution. In order to cause it 
(evolve with the mandril, a dog or carrier is attached to 

d of it, which lies towards the left hand of the work- 
i and a driver is so fixed to the mandril as to move with 
The forms of Carriers vary with the shape of the work 
hich they are to be applied, those represented ii 
Og amongst the most useful for circular awd other sections. 
tts shoBs the Drk'ers which are n\osi hes^eTi'i'j li-aei. 
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in fool-lathes. The facility with which this system lendJ 
itself to work of the most varied shapes and sizes,- 
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vided thit its exterior only is to be turned,- 

the advantage which it presents in enabling it at any' 

to be again chucked concentrically, combine to make it < 
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Fia iifi,— Meial Backsmy, Fia, 117,— Wood Badcstj 

very general application. The rigidity with which the worl 
is thus supported — which is a very necessary quality whe] 
Jiaid and unyielding maleiials ate imiet wea.'WLftm— :« ■jla 
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\ its favour. Where, however, anything of consider- 
E length and but small diameter has to be turned, the elas- 
^ of the article itself is so great that some rigid support 
;s necessary in addition to the two centre points. 
1 apparatus is called a Back Stay : one form of it, 
tpted for supporting metal work of small diameter, being 
" 1 Fig, 1 1 6, and one of a more simple kind, by which 
gandthin pieces of wood may be steadied, in Fig. 117, 
r metal work which cannot be fixed between two 
es, various other chucks are used, according to its size, 
;, &c Small pieces of no great 
, especially of brass and the 
' metals, are in general suffi- 
F rigid if merely driven into a, 
of hard wood chucked in a 
■hack. 
U-chucks ' for pieces of large 
^meter and tnoderaie length ; 
Wne-chucks ' for discs having 
ptral holes, and 'face-plates' for 
1 castings, and all kinds of 
it capable of being bolted down 
ion a flat perforated plate — are all 
n miniature for use with foot- 
but the reader will sufR- 
:nlly understand their constmction 
from the figures of their 
fore powerfiil relations given in Sccibc ihiuugh CeEir'c u).' 
Iwinection with ' power-lathes,' with- 
t special description of them here. For the ' four-jaw- 
' there mentioned, an admirable substitute for snaall 
k has lately been introduced under the name of American 
l-chucks, of one of which Fig. riS shows a perspective 
', together with a section through its centre. The great ad- 
mtage which they possess is due to the jaws being all made 
\ slide simultaneously, so that the necessity fov 'ce.Wse.xwij^ 
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the work held between ihem is entirely avoidet 
turner knows the sacrifice of time at which this J 
has ordinarily to be eftected, and will therefore bej 
appreciate tlie value of any efficient means of c 
with it. Its importance led to the adoption of al 
arrangement in Mr. Holtzapifel's workshop mani 
before 'American' seif-centrcing-chucks were hea| 
The manner in which the motion of the jai 
simultaneous will be understood from the section, 1 
A, B, and C are three pieces which together foni 
main body of the chuck ; when once put together, 1 
_ to all intents and purposes form one f 

Enclosed between A and B is a ring, D, n 
can revolve independently. In the face a 
chuck are three radial grooves, each of irf 
has two feathers projecting from its a 
into the body of the groove. Sliding E 
along these grooves and feathers are the ihr 
jaws. On the face of the ring D a spiral 
about 3J revolutions is cut, of such width ai 
depth that its section resembles that of 
square-threaded screw. Counterparts of t 
spiral are formed on the internal edge of cb 
of the jaws, which, when in position, are 
contact with the face of the ring D. O 
sequently, by causing this ring to revo 
while the body of the chuck is at rest. ' 
three jaws are all made to advance or to 
cede from the centre to an equal cxu 
Chucfc^Wrcnch. This IS readily effected by introducing I 
pins, or — what is better — two chuck-wrend 
of the form shown in Fig. 119, into the holes made for t 
purpose in the circumferences of B and D. 

Although the ' stepped ' form of the jaws enables then 

take hold of pieces of work of which the diameter vai 

I considerably, these chucks cannoi. "be em^Xo-jei.^w'oBM 



^^M Drill-Chuck. — Boring Collar. '^^| 

^^B drills or sitnikr small articles. For these, one of di^H 
^^nous forms of chuck resembling that shown in Fig. I2<)^ 
^^B hardly be too highly recommended. They are known I 

^^■d in conjunction with the j^^l '^^^fc ^| 

^^■bal drills (igured in Chapter ^^^j^^^^ffi^S^NMeal^l 
^^K. Like the preceding, they ^^^^^^^B ^| 

^Ke three sliding jaws, which p,^ ,«.-Dri]i-chuct ax 

^^Hp be moved simultaneously 

^^■a ^ilar manner, so that the drill, if straight to begin 
^^Bi, cannot faij to run inie when fixed in the lathe. 
^^B Before the use of these chucks became general, metal 
^^P^k, when of small diameter, was frequently fixed in 
^Hpin metal chucks, bored out almost to the same size as the 
^^Kk, and split by cutting them longitudinally with a saw ; 
^^V requisite tightness being obtained by driving up a ring 
^Hp the outside, which was slightly tapered for the purpose. 
^F™f it is evident that each of these chucks could be used 

■ Only for articles differing from one another but little in 

■ Qiaineter. With the three -jaw-chucks, on the other hand, 
I "'^ diameters may vary within comparatively wide limits, so 
I "^t no enlargement or reduction of the stems of a set oi 
E "nils is necessary ; which in itself is a great advantage, to 
r f-y nothing of the more efficient manner in which they are 
1 iel^ 

. It is frequently required to drill a truly central hole in a 

P'ece of work which is already fixed in the lathe. The drill 

J^ then pressed up to the work by means of the poppet, 

?eing at the same time prevented from revolving by holding 

i * with a hand vice or a drill-chuck, or in any other con- 

^KCoient way. No special apparatus is necessary e.xcept in 

^Hlses in which the poppet is already employed in supporting 

^^■te end of the work. Recourse must then be had to a 

^Hbstitute for it, by which access to the extremity of the work 

^^nall not be prevented. Such a substitute will be found in 

^Ke Bering Collar (Fig. izi), of which the es^eWaii. ■>j'M\. "«. 



l€2 

a thick plate containing a series of countersunk 
different siies. Any one of these can be brought into 
line of the axis of the mandril, provision being also 
for fixing the plate at any part of 
lathe bed: the circular end of the 
supported in the countersunk hole 
then be drilled from the opposite 
of the plate. 

Although our notice of foot'^t 
apparatus must necessarily be a " 
one, two other kinds of chuel 
mand a short description — the 
centric' and the 'oval' chuck. I 
connection with these, it must be' 
in mind that for the former 
of fixing the tool is absolutely neces- 
sary, and for the latter it is very dei 
sirable ; so that an explanation of the 
slide rest, which affords the means of 
Fig, tai. -Borinj Collar (1). securing and giving the requisite 
to the tool, ought perhaps to have preceded them. 

The object of the eecentric-chuck, ^vhich is used almos^] 
exclusively for ornamental turning, is to cause the work to- 
revolve round any point within a mode- 
rate distance from its true centre. Thus, , 
supposing Fig. iza to represent the outline 
of a piece of wood, chucked and turned, 
up ; in the natural course of things it re- 
volves round its centre, a, and without, 
io,,„, being chucked afresh, its axis cannot be 1 

in any other position. But with the aid 
eccentric chuck it can be made to revolve round any 
point, Ti or c; and by a simple arrangement a complete , 
senes of points, such as cc'c", &c., all equidistant from the ' 
^^ centre, can in turn be brought into a line with the axis 
0/ ttc mandril. By causing a freed ^ooVvoX^ate a. c^tiiexttias.'l 
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[he requisite eccentricity is given in the following manner. 




^^^Bi of these points in succession, an elaborate and occasion- 
^^Bpretty species of ornament can be applied to the face of 
^^B piece of work. In Fig. 133 are two specimens of such 

i 



■ftetween the ordinary cup-chuck and the mandril there is il 

troduced a thick brass plate (b, Fig. izij), carrying a secoot 

liding plate (c)upon its surface. When the chuck ii 

sition shown in the figure, the V-sliaped 

between which the plate (c) slides, 

vertical, so that a portion of the 

of the plate only are seen. Inside 

is (a), which is cast in one piece with 

first plate (b), there is a female screw 

fixing it to the mandril, and a screw 

'Hie attachment of the cup-chuck con- 

^g the work is carried by the slide (c). 

ttiming a handle applied to the end 

'_ts adjusting screw (d), a slow motion 

" Siven to the slide (c), the aj;is of the 

^^^ attached to it being thus made more 

to the axis of the mandril. The imoviut of 
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vccentn'dty can be read off by means O^ -ma;™, ^a-feo^ 
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tions 00 the internal face of the plate and subdivisions 
head of the screw (d). To enable tlie successive poir 
series(as cc'c", &c.,in Fig. 122) to become in turn tl 
of rotation by being brought into a line with the axii 
mandril, the screw which carries the work is not rigid 
to the slide (c), but can be made to revolve slowly tc 
axis by means of the tangent screw (f), which lakes 
wormwheel, the edge of which can be distinctly seei 
figure. In order that the circle may be readily divid 
an equal number of parts, the teeth of the wormwl' 
numbered, and the head of the tangent-screw is al 
duated; but a simple notched 
and catch is often used instead 
wormwheel shown in the enf 
In either case it should hav< 
readily divisible number of tee 
advantages and disadvantages 1 
numbers as 96 and 100 in this 
I being a subject on which ad 
1 decimal system would do 
ponder — loo being divisible ooi 
4, 5, 10, !o, 25, and 50; where 
divisible by 2, 3, 4, 6, 8, la, 
32, and 48. It is therefore p 
that the most constant lover of d 
Fig. 1=5.— Oval-Chuck, would for once consent to aban 
favourite system, and, follow 
-common practice, would have his eccentric chuck p 
with 96 teeth. 

The oval-chuck almost requires to be seei] to be 
stood, but a general notion of its appearance and 
may be gained from Fig. 125. Its object is to impi 
a modon to the work that a tool held stationary in 
with it shall at each revolution of the mandril desc 
ellipse instead of a circle. The right-hand portior 
Hgiire will he seen to beai much Tesero\>\a.tve.t \n && e 
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d just described, A plate (b) has upon it a simita 
B (scarceiy seen in the figure), by which it is attached to 
mandril ; and a similar slide (c) has a screw fur carrying 
ordinary chuck containing the work, at the base of 
being a wormwheel and tangent screw, as before. In 
jng, we may mention that these last are better omitted 
n the chuck is to be used for plain oval turning only, 
fscrew being then part and parcel of tlie slide (c), so that 
f source of possible unsteadiness is avoided, instead 
Ihe slide (c) being adjusted by the slow motion of a 
1 the eccentric chuck, it is made to work in its 
)ove with perfect freedom, carrying with it however two 
"des (aa), which are firmly fixed to it, and which pass 
lUgh slots in the plate (b). Entirely detached from the 
)Te plate, slide, &c., is a ring, of which the outside 
■ exactly fits the space between the guides (aa). 
means of the arms and milled-headed screws on the 
1 of the figure, this ring can be firmly fi.ved to the head- 
ck of the lathe without in any way interfering with the - 
Uion of the mandril, the screw of which j^assts through 
(ling. As long, therefore, as this fixed ring is concentric 
St the mandril, the oval-chuck in no way influences the 
Ition of any piece of work which may be attached to it, 
■guides (aa) merely sliding round the ring without being 
a out of their natural course. But when this ring is 
»ved sideways by loosening one of the pointed screws and 
luening the other, so that its centre no longer coincides 
9l that of the mandril, it no longer allows the guides (aa), 
t the slide (c), which is in connection with them, to follow 
' cular path. At two points, indeed, during each revo- 
11 of the mandril (when a line joining the centres of the 
es is vertical, the arms and screws being horizontal when - 
■ ring is in position), the slide (c) is concentric with it ; 
t after these points have been passed, the guides alter- A 
telydraw the slide more and more from its natural course, fl 
khAs aa smnuat of eccentricity equaX lo 'iha.'!. aS. ■«\ij3ei.» 
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the ring has been set. This occurs twice in each revolutlo 
and, since the effects of these two disturbances are in op] 
site directions, the major axis of the ellipse thus descrit 
exceeds its minor axis by twice the amount of eccentri* 
given to the ring. By means of graduations on any c 
venient part of its arms, the amount can be read otH 
must of course be equal to half the difference between 
major and minor axis of tlie ellipse. Thus, for cutting 
ellipse measuring 7ix6 inches, the ring must have 
eccentricity of \ of aii inch. Some account of the theor 
Ihe oval chuck may be found in another volume of 
series.! In using it with hand-tools and 
ordinary T-rest, considerable care is ne 
I 'isary to keep the edge of tlie tool at 
,' constant height above the lathe-bed. 
diange in the height of the too! cause 
corresponding change in the direction of 
ellipse, accompanied by the destructioi 
the work, in the manner shown to an 
aggerated extent in Fig, 136. 

The slide rest, in its simplest form, consists merely o 
arrangement for holding a turning-tool by mechanical m 
instead of by hand, and for giving to the operator, thrc 
the intervention of one or two simple adjustments, i 
complete control over it than he can otherwise obtain, i 
an apparatus — which forms a most valuable addition 
foot-lathe — is represented in Fig, 127. On the under 
of its base is a wide projecting feather (a), which fits 
the space between the two cheeks of the lathe-bed ; in 
is a tapped hole, which enables it to be firmly bolted c 
upon the bed. On the base plate is a sliding plate (c), 
taining a dove-tailed groove, to which a steady backwai 
forward motion can be given by turning the handle 
which works a horizontal screw. Attached to this plat 
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tbj two vertical screws and a central pin is the lower half of 
f 'tile aoss-sUde (d), on which the upper portion of the rest 
I fe) can be made to travel laterally by turning the handle (/) 
[ U the end of a second horizontal driving screw. These two 
J slides together form what is sometimes termed a ' cotnpound ' 
I ilide, The tool being firmly clipped in the tool-holder (at 
I the top of the figure) by screwing down upon it any two of 
e four screws, it is evident that a slow motion can be 
to it, either parallel to the axis of the mandril by 
g the handle (/), or at right angles to it by turning the 
Wdle (b). Or, by variously combining these motions, any 
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tved or conical surfaces can be turned — the latter, hoiB 

■, being more easily effected by placing the cross-slide 9 

k oblique position and moving the tool by means of d 

indie (/) only. 

■ Such is the general principle of the slide-rest, the intn 
ction of which has been followed by the mighty results d _ 
^hich we have already alluded. Since its efficiency is either 
greatly impaired or altogether destroyed if the tool, when 
fixed in the tool-holder, possesses any 'shake' or unsteadi- 
ness, it is evident that the slides must be formed ivith the 
greatest care— the two halves of the dovetail being in every 
c^e kept perfectly parallel, and the suriact^ •M^ivOa, as^ '■«i 
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contact being made truly plane. Thus, and thus only, can 
we obtain evenness of fit at all parts of the slides, without 
which the uniform smoothness in their movement and steadi- 
ness on the part of the tool supported by them, which are 
the tests of the efficiency of the slide-rest, are impossible. 



FiG. laB.- Spherical Slidc-Rew, 

But even as applied to foot-lathes, the slide-rest is by i*_ 
means always equally simple. 

Some means of adjusting the height of the tool is often 
desideratum, and for ornamental turning a third slide 
I frequently interposed between the cross-slide and the to(^ 
holder ; occasionally, also, even a fourth slide and ott*"* 
adjustments are introduced — as in tVie ' s^'nervcai ^\4.e.-te* ' 



■resented in Fig. laS — by which wonderful things may 

nbtless be effected. But with each fresh complication an 

Bitional chance of unsteadiness in the tool is introduced, 

Ech can only be avoided by increased care in the manu- 

; and nse of the apparatus ; so that, except for the 

pose of producing elaborate patterns (which are generally 

doubtful beauty), a slide-rest which is .so constructed as 

hold the tool as rigidly as possible is much to be preferred 

one of great complexity. 

Sn the shde-rest (Fig. 127), the tool-holder consists of a 
ire plate, fixed upon the upper portion of the cross-slide 
, at a height somewhat exceeding the thickness of the 
iDl, which is held by screwing down upon it any two of the 
!Tews at the comers of the plate. This arrangement only 
"admits of the tool being placed either parallel to the direc- 
tion in which the cross-sJide moves, or at right angles to it, 
which is frequently a disadvantageous position for it. Other 
forms of tool-holder are therefore generally adopted. In one 
of these, which was proposed by Professor Willis in the 
year 1842, the upper plate is made triangular, a holding- 
idown bolt passes loosely through its centre, and at its three 
' s are three bearings ; two of these press evenly upon 
* tool when the screw which constitutes the third bearing 
"fa lightened. Consequently, half a turn 
"" this screw suffices to fix or to hberate 
'"e tool ; and it can be placed at any 
^'igle with the axis of the work. An- 
other tool-holder, which affords similar 1 '^ ^ 1 T Ifc"^ 
'"^*rflities for fixing the tool at any fillilfflriBKIiim'li'l^tl 

?^g!e by means of a single screw, "and r,^. ,1^ 

]^ i*ather more compact in appearance, circukt Tooi-HoWet. 
'^ siiDwn in Fig. 129. When it is not 

"netting pressure upon the tool, the slotted cylinder can be 

^''^^ed round on its axis. Its inability to hold any tool which 

j^iriot be passed through the slot is its chief disa.d\a.'at^%e.. 

**' none of these tool-holdeia ai& now somii. etn'^'se.^ 
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except in the case of the small slide-rests, of which t! 
is confined to the foot-lathe. In those of larger sii 
only permanent provision for holding the tool is gei 
the introduction of four bolts into the upper portion 
crosS'Slide. These are fixed with their heads down' 
and the tool is secured by being placed beneath twc 
perforated bars, which are slipped over the ends of the 
nuts being then screwed down upon them. The ar 
ment may be observed in the engraving of the duplex 
(Fig. 143), and elsewhere in the next chapter, two 
of the holding-down bolts being in use, and the op 



^^^Hbds of the bars being supported by a short packing 
^^"bf the same height as the tool. 

Examples of the slide-rest tools adapted for hand-t 
are givea in Fig. 130, the uppermost of them being 1 
as a 'jound nose,' and the others as a ' square nose,' a 
tool,' and a ' spring tool ' respectively. But many whi 
used for small work in foot-lalhes differ only in res] 
size from those required for heavy work in power-1 
and of these the principal typical forms will be foun 
iuOxre page {see Fig, 150^ ¥15. \t,\ sW-«s -cmq Vi 
flwiir-yiwbfer— an exceUent arcaaa%aaveB.t— liiK. \,Ktt 




FlQ.i3a.~Sli(le-Rest TcDb tar Huid-Tunii 



Slide-Rest Tools. 

feieh was first suggested by Mr. Babbage. Considerable 

onomy results from their use. In the first place, a very 

1 smaller quantity of tool steel is required, the holder 

g made once for all of steel of inferior quality ; and, 

idly, they are much more easily sharpened. Thus, the 

aary diamond-pointed hook tool shown above must be 

tefully forged and tempered to begin with; and when 

bnt, must be ground at the top and on its two sides. A 

nilar tool can be made by fixing in an appropriate cutter- 

a short piece of steel of triangular section, which can 

lesharpened by grinding its upper face only. The necessity 

a adjusting the height of the rest as the too! gets worn 

aray in sharpening, is also dispensed with when holders 




th loose cutters are substituted for the usual hook tools, 
(fltogether their general adoption, both for light and heavy 
'i seems likely to be only a matter of time. Several 
s besides those shown in Fig. 131 are now in use, of 
It of which a representation will be found in Fig. 151. 
I For ornamental turning, slide-rest tools of much smaller 
Traensions than those above represented are used. Some 
ir forms are shown (full size) in Fig. 132, but they are 
le in very great variety to suit the wants or fancies of 
K amateur, \ 

III aaiiy of these operations motion k "■^m^^."ttfti. \g ■&* 
pwfr, ao that the process becomes laoie TwaiVj iiisai^a 
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drilling than to turaiDg. The mandril is then useless e 
for affording a firm and readily adjustable support fo 
work in hand, its graduations (on the divided plate all 
mentioned) enabling each point o: 
series to be brought in turn into ; 
with the axis of the revolving c 
Easily divisible numbers — such ai 
144, and 360 — are chosen for tht 
ierent 'scales ' on the divided plat 
the same reason as for the teei 
the eccentric chuck. Lathes inte 
for this kind of work are pro' 
with some kind of ' overhead mo 
F"^ jjgj-OrTisni-niai for enabling the rotation of the flyi 
to be communicated to the tool 
ported by the slide rest. This is generally done by o 
other of the following arrangements. Either a light sJ 
placed parallel to the axis of the mandril at some threi 
above it, and this is driven directly from the fly-wheel wi 
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being In any way connected with the mandril j a second 
band being then passed over a pulley on this shaft, and 1 
the revolving cutter-holder. Or a long single band is 
which runs first round the flywheel, thence over two 
sheaves supported by a balanced bar above the head c 
operator, and which finally descends, as before, to the re 
Jug holder in which the cuttec w &xcd. "S^t I'i'itwei 
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MRevohilng Cutter-Holder, which can be used in this way for 
Rftier plain or slot drilling, for cutting grooves, key beds, 
Bk,, and for a variety of ornamental purposes. It consists 
■Ota square shanl;, of a convenient length for being held in the 
Btool-holder of the slide rest, within which is a steel spindle, 
I hamg at one end a grooved pulley, and at the otlier end a 
I Bctew, and also a central hole for the 

■ astachment of the drills or cutters. 

■ These having various forms of cutring 
i edge (examples of which are given in 

■ ^ift 134) produce by their revolutions 
■ft great variety of beaded and other 
Bpaftems. Or, by substituting for these 
Minad or flat-sided drills, and giving 
^picm a horizontal motion by means of the slide rest, grooves 
BfT corresponding sections can be cut either parallel or trans- 
BpErsely to the axis of the work. 

K Extending the system of imparting the motion to the tool 
^stead of to the work, a slight addition to the revolving 
Bolder just described enables us to dispense altogether with 
ps eccentric chuck for engraving such patterns as those 
PVen in Fig. 123. For this purpose the cutter, instead of 
F^lg attached concentrically to tlie spindle, is fixed in a 
■*l<der which can be made to travel along a cross-slide ; as 
V^vn in Fig. 135, where a is the square shank, b the grooved 
pUey at the end of the spindle, which revolves within it, 
p^ c the cross-slide. The holder can be adjusted by 
^^ans of a milled- headed screw and can be firmly clamped 
"* any part of the slide, graduations on the head of the 
**^ew enabling it to be accurately set, to as to describe any 
glrcle whose radius does not exceed the length of the slide, 
^enes of intersecting circles can then be traced on the face of 
Boe work as before described, their positions being arranged 
f With the assistance of the divided plate of the mandril 
instead of the eccentric chuck. 
By- An ingenious, but slightly compWcalei aTtsm^fctft^-iA '^^ 
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cutter- holder, the oval chuck also may be dispensed irit! 
in similar cases, the cutter being made to travel in a 
elKptical path which may vary to any required exten! 




from a circle on the one hand to a straight line on tht 
other. Other and yet more elaborate forms of apparatus, 
and also the combination of some of iKe above with one 
another and with the moUoti o( the ma-uiTiX, lesvAx. '-m. -Cto 
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production of face-work patterns, &c., of great compleidy 
and occasional beauty. In Fig. i^6 arc two exampla 
of such patterns, which will serve to show the capaMi^ 
of the geometric chuck; a most ingenious contrivance bj 
which an endless variety of graceful curves can be ofr-' 
tained. For these and for many of the previous figmei 
in this chapter, as well as for two of the subsequat 
ones, we are indebted to Mr. Nortlicott, in whose work (A 
the subject of turning' a drawing and description 
chuck may be found, together with various devices engraved 
by it To that work we must also refer the reader for 
account of an excellent substitute for \.he /iosc £irgiiie,\^ 
which such patterns as Fig. 137 are produced. The caSO' 
of watches, to which, on account of their curvature, tte| 
ordinary eccentric patterns are inapplicable, are geneial^t 
ornamenied in this way, the waviness being formats' 
produced by attaching to th* 
luandril a circular plate wi" 
requisite number of notchS 
ind its edge. Against this 
all roller was made to be*- 
ich, entering each of H^ 
tches in turn, caused a sbgf 
rresponding lateral motitv 
the part of tlie mandril, tbi 
idstock being so arrange* 
to admit of it. Thus th« 
work was made to vibrate o 
' chatter,' so that a fixed tool produced upon it a patten 
with the same number of waves as the plate or ' rosette.' Ii 
the 'rose-cutting instrument ' referred to, the cutter is mad 
to vibrate, the work being stationary ; an arrangement whid 
has obvious advantages. 

One other process peculiar to the foot-lathe desers'es ■ 

• Oa ZatAiS anil Turning, tioi^i'M- Xssai^-Rw,.: \Wi. 
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assing notice — that of cutting screws by means of a tra- 
f mandril. For this purpose the two beatings of the 
il are made cylindrical, instead of being conical or of 
E fomi shown in Fig. 99, so that it can travel longitudinally 
\ a short distance without its fit in the headstock being 
A short length of screw of the exact pitcli re- 
l being made fast to the end of the mandril, a corre- 
lunding female screw is fixed to the headstock in contact 
it. The mandril, when made to revolve, thus receiv-es 
w and uniform longitudinal motion, and an exact copy 
■fe screw can in this way be cut by a stationary tool 
ply held in the slide rest, or even in the hand. 

other kinds of revolving tools should also be raen- 
— Milling Tools and ' Circular Cutters' The 
pner are used for giving the requisite roughness to the 
Is of thumb screws (such 
: in Fig. 125) ; and 
Whave the merit of being 
1 quick in their opera- 
is,a few turns of the lathe 
h" being required in order 
^convert a plain circular 
ing into a ribbed or 
tided one. The tool con- 
Is of a small disc of steel, 
faring all round its edge a 
•counterpart of the pattern 
'^'hich it is intended to pro- 
■^iice. This disc, which is fh 

5*>ciunted in a handle so that 
*t can rotate witli perfect freedom, if 
^it revolving work with sufficient force t' 
*ti impression. The discs are generally of small size — 
*"arely exceeding half an inch in diameter. 

Circular Cutters are also made from dUcs of steel. la 
genera} they are of much Jarger dianieter tiia.n TO\fiHi.if, nVt^a, 




rely pressed against 
o cause it to leave 
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to which in fact they bear no resemblance, since they per- 
form their work by a true cutting process. They are usedfor 
forming the teeth of wheels and for various other purpose^ 
being mounted, when in use, upon a spindle which can be 
xiriven from the flywheel and brought up to the work by being 
attached to 1 he slide- rest. In Fig. 138 one of these cuiten 
— or rather a portion of one— is represented iiill size. It 
will be observed that its teeth resemble those of a single col 
file, and that during lis revolution they act continuously in a 
precisely similar manner. The method of using th^« 
cutters, as well as the description of a revolving-cuit^ft-^ ' 
machine for making them, will be found in Mr. Northcott;"" 
work, already referred to. 



CHAPTER VI. 

ON POWER-LATHES. 



The lathes which we have thus far bten considering a. 
merely mechanical means of applying muscular power to lU — 
'ous processes comprised under the head of 'turning '■ 
This, as we have seen, is generally effected by means of ^ 
treadle, crank, and fly-wheel, although a crank worked b£ 
hand, driving a fly-wheel of large diameter, is occasionally 
substituted. But although in this way some additiona-— 
power may be applied, it would be utterly insufficient foi 
the bulk of the work which has to be turned in an engineer"^ 
workshop at the present day, for 'which poiver lathes ol 
various kinds have become an absolute necessity. Under' 
this head we shall include all lathes which can be worked- 
only by being connected with a steam engine, or some Other 
independent machine. 
TAe iransition from toot-\3.thea to 'jo-«ei'\a.'ii\^mngi*.'a«ja. 



J^dcting' ^erew-atiHng Lathe. 



d as if it ought to be accompanied by a diminution I 
! number of their working parts, although of course ] 
niust be of greater strength and weight j but a glance I 
t engravings in llic present tliapter will soon dispel any 
■idea— the cause of their apparent complication being, s' 
By speaking, twofold. In the first place, most of the , 
[which is perfomied with them requires a very slow 
; and for the transmission of this the leather belts by 
Pftich the power is, as it were, laid on from the engine, or 
((her prime mover, are not well adapted. Consequently, 
fleir comparatively high velocity must be much 'reduced 
Jcfbre it is communicated to the work, and although this is 
II almost all cases partially effected by means of a ' counter- 
ihaft,' arrangements for still farther exchanging speed for ' 
power are affixed to the headstock of every power-lathe. 

Somewhat greater complications, however, are rendered 
BKessary by the universally prevalent practice of making 
ponerlathes ' self-acting '—that is to say, providing them 
wih some mechanical means of giving the proper feeding j 
inobon lo the tool. This may be effected through the . 
^cy of the slide-rest in several different ways, one of the 
■iBsi frequent being that adopted in screw-cutting lathes of 
Onnecting it with a long and accurately pitched screw 
flenned the 'leading screw') of which the axis is parallel 
to Ihe lathe-bed. For this purpose the driving speed must 
ttsffl farther reduced, and the proportion which the revo- 
Wons of the leading screw bear to that of the mandril must 
te definite and capable of adjustment; conditions which 
"emost easily and certainly fulfilled by connecting them 
%lher by a train of 'change wheels.' These, especially 
'^m a lathe is also provided with the 'self-acting rack- 
Inv'ersing motion,' hereafter described, give at first sight an 
^ipearance of great complexity. But this is soon dispelled 
n each set of parts is examined independently of those 
\ although very near neighbours, ate in no way related J 
I Sacb, however, of the above self-acting arca.tv'ge.TO.ttffl 



Self-acting Screzv-cutting Lathe. 

Fcqdres corresponding additions to be made to the slide- 
a, which consequent))' assumes proportions very different 
omthose of its simple ancestor shown in Fig. 127. But it 
iilbebetter to defer the detailed consideration of the various 
Its of a self-acting slide-rest till the descriprion of one or 
of the lathes themselves have rendered evident the 
Kessi^ for these modifications in its constniction. 
%. 139 shows an 8-inch screw-cuiting gap laihe, which 
il serve to explain the double-geared headstock by which 
e slowness of motion is given to the mandril, and 

to show the position, &c., of the leading screw, and the 
nge wheels by which such lathes are rendered self acting, 
i the difference between a plain and a 'gap' lathe, we 

1 not trouble ourselves at present. First, then, as to the 
Uiifared headstock, of which a plan is given in Fig. 141, 
ilower part of the drawing being in section so as to show 

fonn of the mandril, which bears but little resemblance 
that of the foot-lathe given in Fig. 99. Both its bearings 
the headstock are conical, the front or right hand cone 
Dgfonned on the mandril itself, the hinder or left hand one 
igaloose conical bush carefully fitted to it This, among 
ft advantages, enables an accurate fit to be maintained 
ween the mandril and the headstock, without having re- 
ree to plummer-blocks, which would be necessary if the 
rings were cylindrical. (It maybe obsen'ed diat thehead- 
4 in Fig. 98 has plummer-blocks on this account) On the 
ndtil — ^jf which the whole of the central part is of uniform 
a loose, conical pulley, to the small (hinder) 
I of which a pinion is attached. These are in no way 
Itlected with the mandril, but revolve freely upon it Fig. 
iwill explain the arrangement, f and g being the conical 
Ueyand pinion, inseparable from each other, but not con- 
«ed with the mandril. In front of the large end of f is 
e spur-wheel l, which is connected with the mandril, and 
nys Kvolves with it; and gearing into t\v\sK a. -^mMa^-^ 

i itpoa a. short shaft parallel to &e TOa.p,&A. "g'Ot ' 
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upon ihis shaft there is also a spur-wheel h, gearing ii 
pinion c. The effect of driving the pulley f at a quki j 
Speed by means of a leather belt (of which a portion appeaif ' 
in the diagram) is thus to make h revolve less rapidly; Ae ' 
pinion k, which runs at the same speed as h, still futlber 
reducing it in its transference to the mandril through lh& ' 
spur wheel L. To enable the mandril to be driven il 
quick speed when required, a bolt can be screwed throufl^ 
X into the face of the pulley f, thereby connecting it wilh C^^^-^ 




Hid through L with the mandril, h and k must then \ 
Pthrown out of gear, which can be done either by sliding the 
I shaft which carries them in the direction of its length (as 
L described and figured at p. 14a of Professor Goodeve's 
[ volume of this senes), or by the somewhat neater expedient 
I .of supporting it m eccentric bearings, instead of directly in 
[ the headstock itself. The headstock represented in Fig. 
is fitted with this arrangement, the portions of the 
I framing which would naturally conceal the discs (b and b') 
\ being removed ; as also are parts of the pulleys, &c., for tha 

J -purpose ofshoiving the mandri, as aXteai-j e.-».'j\i\t\eA- «aM; 

^f these discs (b) is likewise sWo-wi^ i 



"Dmite-geared Heddstock. 
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L HiMbft the position of the shaft c, when tlie toothed wlieels 

Liries are in gear with those on the mandril When 

It wheels are out of gear, the shaft occupies the position 

tated by the dotted lines in the sketch (Fig. 142), in 

P^iich c represents the end of the shaft under the fonner 




?**'3.ition andBthedbc \h h t s supported eccentric- 
r^» ofnhchthe thro v need only exceed the depth of 
teeth o( the wheels b> a s ffie ent amount to ensure 
P^l*: clearance It will be observed that this system which 
_*Xow very largely used, not onU for lathes but also for 
~lling machines, &c., admits of the headstocks bemg some 
F^^t shorter than is required for the 
^*^ing arrangement alluded to abo\e 

in a plain 'screw cutting' lathe, — and 

»v^"^as for the purpose of originating screws 

P^^^t Mr. Henry Maudslay, at the com 

P^*«ncement of the present century, deMsed 

f_ »^e self-acting lathe, — a shaft with an acLU 

T *^te Itading screw cut upon it is supjiorted 

"- \^ bearings at its ends only} in some convenient position 

ttuly parallel to the axis of the mandril. In Fig. 139 it 

I is placed in front of the lathebed. In Fig. 143 it is 

1 between the cheeks of the bed and therefore cannot be 

\seen. In ekhei case the connection beWeeo.'Ocit^'iaa \s^ 
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and the leading screw can he made or broken at pi 
and any requisite proportion between its speed and thuot 
the niandrii cati be obtained by properly combining mm 
cbattge wheels ; a set of which (consisting of about \\ Ot'i 
a dozen) is provided with every lathe of this kind. l^B 
exact pitch of the leading screw being known (it has g«i&fl 
rally eidier i, s or 4 threads to the inch)— a simple calculi 
tion shows what wheels must be employed for cutting a scfe»B 
with the same or any other number of threads ti 
For ordinary pitches, however, a table ' is provided with e; 
ladie, which shows at a glance the wheeis which will g' 
proper result. But the correctness of the table, or 
crease or diminution of speed — and by consequence t 
theoretical loss or gain of power — due to any other train 
wheels (as, for example, the wheels of the double-gear* 
headstock just described) is so easily calculated, involvi *^ 
only a knowledge of simple arithmetic, that all who study 
use such lathes should be famihar with the process. 

A clear explanation of it, and also of the methotf of ^^ 
arranging the wheels as to cut left-handed screws, togeth , 

with a diagram illustrating the action of a similar train -•^ 
wheels to that shown in Fig. 139, will be found at pp. 13G ^^^ 
139 of Professor Goodeve's ' Elements of Mechanism.' ^^ 

The actual arrangement of a set of change wheels ca-^^^ 
be clearly seen in Fig. 139. A spur-wheel is attached to th -< 
end of the leading screw, and a pinion to the hinder end '^-^^^^ 
the mandril, which is prolonged beyond the left hand bear* 
ing of the headstock for that purpose. This projecting enC^ 
of the mandril is supported by two horizontal pillars carry-" 
ing a cross piece, the latter serving to assist the foremosP"^^ 
conical bearing in taking any end thrust which may be pnff ^'^ 
upon the mandril. Connection is estabhshed between th^' 
aforesaid pinion and spur-wheel either by a single interme-^^^ 
diate-wheel or by an intermediate-wheel with a pinion ailacheiS^ ' 
' See Table of Change Wheels, at end of this volume, for Lalhe^^^ 



—the latter of these arrangements being shown in the 

[raving. But the variable sizes of the pinion, spur, and 

Hilennediate- wheels required for driving the leading-screw at 

dliferent speeds render it necessary to give the intemiediate- 

(wbetls an adjustable support; for which the universal prac- 

>» rtice is to mount them on a Jiaiiial Arm or Tangetit-Plale 
Wilead of on a fixed bearing. This arm is moveable about 
Hie axis of the leading-screw, and by means of set-screws 
irarking in circular slots it can be clamped at such an angle as 
lo enable the intermediate-wheel to gear into the pinion on 
fee mandril At the same time either this wheel itself or the 
jinion attached to it can be brought into gear with the 
lipnr-wheel of the leading-screw, provision being made for 
wriation in their diameters by grooving or slotting the radial 
Wm, and thereby enabling the intermediate-wheel spindle to 
W fixed at any point throughout its length. 

Running along the front of the lathe bed above the lead- 
'ig screw, in Fig. 139, a rack may be observed. Its object 
** lo enable the slide-rest to be moved along the lathe bed 
tor 'traversed') by hand when it is not required for screw- 
^'bng, and also in screw-cutting to enable the rest to be 

^'w ""^ back quickly before commencing a fresh cut. A pinion 
I '"^t Seen in the figure) gears into this rack. In some cases 

f 



Ihe 



Screw itself is made to serve for a rack, a worm wheel 



""g substituted for a pinion ; but as so much depends upon 
. ^ Accuracy of the leading-screw, all imnecessary wear and 
'ii "^f injury to it should be avoided. 
^ he construction of the back cmin {sometimes called the 
"^^^ headstcck) will be sufRcientty intelligible from the 
J ^on of the foot-lathe poppet head previously given (in 
9q). Some description of the chucks used with this and 
■^i" power-lathes will be found at the end of this chapter, 
^ ig. 143 shows a larger lathe of somewhat different con- 
.^Ciion from the preceding one. The bed is parallel 
^^Ughout its length, and the leading screw, as has already 
'^Q pointed out, is placed between iKe cWeeVs ol "Cwt \i^. 
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so tliat it cannot be seen in the engraving. Where a duplex 
slide rest is used — an invention of Sir J. Whitworth's, by 
the adoption of which'much time may be saved — this central 
position of the leading screw has great advantages. The 
double toolholders can be dearly seen in the figure ; ihflr 
action will be explained when we come to consider the wlf 
acting slide-rest generally. 

In this, however, as well as in the lathe shown in Fig. \% 
the slide-rest depends for its self-acting motions upon the 
leading-screw only ; and when this is the case, its origical 
accuracy (as previously stated) cannot long be maintained. 
This is to some extent due to the gready increased strains 
to which it is subjected when used for turning heavy work \^ 
stead of for cutting the threads of screws only. But, even if 
every possible care be taken in this respect, a still more fertile 
source of error remains, from the fact that the bulk of the 
work in almost every lathe is performed within a short Dis- 
tance of the mandril, so that this part of the screw becomfs 
much more rapidly worn and deteriorated than the re- 
mainder. This has led to the introduction of self-acting 
apparatus for giving motion to the slide-rest by means « 
the longitudinal rack, to which, in its application to hand- 
traversing, attention has already been directed. The 
gearing required for this purpose gives an additional aii- 
pearance of complication to lathes which are provided wiA 
it These are known as self-acting, surfacing, and ra^ 
traversing lathes ; their slide-rests being capable of beinj 
driven either with a ' traversing ' motion parallel to the 
lathe-bed, at right angles to it for 'surfecing,' or diagonally ; 
by a combination of the two. For this piupose a longi- 
tudinal back shaft is placed behind the bed, being 'iup- 
ported (at its ends only) in the same manner and in much 
the same position at the back, as that in which the leading- 
screw shown in fig. 139 is supported in front. But this 
»h.ift, instead of having a screw-thread cut directly upon i^ 
fCMrica a, ahott worm -winch, -wViiisx \\. ca.tv sUie. 'k^^-^'mv -OESi 



^fm 



mn 



\Vorks!wp Appliances, 



[Ciup. n 



direction of its length, is compelled always to revolve with itJJ 
the shaft being provided with a longitudinal groove, oi 
the worm with a feather, for this purpose. In this way ai 
part of [he backshaft can be made to serve as a 
tangent-screw to a worm-wheel which is carried by the slide5 
rest, whilst at the same time the rest can be made to HaiJ 
Terse by hand, for which special arrangements would b 



\ 



required if the screw were continuous. The manner ii 
which the various motions are communicated through th 
worm-wheel to the turning-tool will be fully explained whei 
we deal with the slide-rest ; at present, we will confine our 
selves to describing the ordinary method of driving tb 
backshaft, and of varying its speed, the arrangements fo 
which are so clearly shown in the accompanying engravini 
that our task will be a co'm'pai:al^\e\^ e3.^-j cwLe,, TVaa (fi? 
ipiresents a back -view oi ftvc \vea.aatoOt «c& lA^w 
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iaversing and surfacing lathe, made by Messrs. Shepherd, 
ill & Co., and in it the back shaft worm and woim-wheel 
pt mentioned can be plainly seen. It is also evident that 
e slide-rest, which carries the worm-wheel and also the 
pothed wheel and pinion in front of it — and which in the 
[raving is shown almost as close to the headstock as it is 
fpssible for it to be — cannot be moved along the bed 
ifeout carrying the worm upon the backshaft with it. This, 
lerefore, bridges over the main difficulty in transferring a 
Jj»rt!on of the power from the mandril to the tool, namely, 
f liai arising from the variable position of the slide-rest 

Tracing the course of the motion from the worm and shaft 

' towards the mandril, — although it is of course not trans- 

iiitted in this direction but in the opposite one, — we observe 

the first place a sptir-wheel made fast upon the extremity 

, '^ the back shaft. Into this gears one or other of a pair 

of smaller spur wheels, according to the direction in which 

tile back-shaft has to be driven. These wheels are supported 

"ot directly upon the end standard, but upon a rocking- frame, 

*'liich can be moved backwards and forwards through a 

"i*3rt distance by means of a bar terminating in a handle at 

***« front of the lathe. Upon the position of this frame, as 

'^'^ have said, the direction of the rotation of the back-shaft 

.spends. Forthe two wheels which it carries are constantly 

1*^ gear with one another, one of them being also constantly 

'*X gear with a pinion attached to the conical pulley which 

^t^pears below these toothed wlieels in the engraving. When 

*^txerefore the frame is in one position, the wheel which is 

^-Xways in gear with the pinion is brought also into gear with 

•-Vie backshaft- wheel, the second wheel running idle, but 

^^hen the position is reversed, this second wheel is brought 

*tito the train, and the movement of the shaft is consequently 

Reversed. 

_ From the upper conical pulley to the lower one a belt 

mils- the motion, the three 'steps' in each affording 
e means of driving the back-shaft at three diffcKut \a.tes 
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of speed, whilst a spur wheei carried by the radial ar 
establishes the connection between the upper pulley and d 
mandril ; the pinion on the overhanging end of the latts 
by which it will be remembered that the requisite raotit 
is obtained from it for driving the leading screw in screi 
cutting, serving the like purpose, when not so required, 
the Case of the traversing and surfacing gear. 

With reference to the use of the 'gap,' already me 
tioned, it will be rememberd that the chief limit to the cai 
city of a foot lathe was stated to be the height of the ' cent 
(of the mandril) above the bed. A gap is an expedient i 
extending this limit, and thus enabling a lathe to take 
articles of much greater diameter (if of moderate lengl 
without materially increasing its weight or general dimensioi 
For this purpose the bed is cast with a gap just in front 
the end of the mandril, where a correspondmg bend may 
observed on its under side in Fig. 139. When the gap 
not required, a loose piece fitting closely into the openi 
in the cheeks gives the lathe an ordinary flush bed. In t 
figure referred to this piece is shown in position, and its 
is so accurate that the gap can hardly be recognised. Althou 
a gap is undoubtedly useful, it is not altogether an uniniic 
advantage, inasmuch as it offers continual temptation 
the workman to overtask the power of the working parts 
a lathe, by enabling him to use it for heavier work than 
advisable. The bed itself can of course be strengthened 
any required extent by properly disposing an increas 
weight of metal, and in large gap-lathes the projection bel( 
the bed not unfreijuently extends quite down to the flc 
of the shop. 

But when the treatment of work of large diameter is I 
regular and not the exceptional duty of a lathe, the increa 
in size should not be confined merely to the distance betwe 
the mandril and the bed, but should be extended to all 
working parts. As moreover it may often be necessary 
tain up articles of which the \englVv aa -weVV as *e diamei 
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\, it is desirable to have the means of extend- 
fi the limit which is set by the width of the opening in 

ihe bed of a gap-lathe. These requirements are fulfilled by 

what is known as a Sliding Break Lalhe, of which an 
■example is given in Fig. 145. In this the bed consists of 

two separate parts; a base-plate— which is of the full length 
of the machine, and of which the flat upper surface is kept 
at a sufficient depth below the mandril to enable the largest 
piece of work which the lathe can contain to run clear of it ; 
tod an adjustable upper part, or bed proper, which carries 

"ic slide rest and moving headstock upon its surface after 
the manner of an ordinary lathe bed, but of which the length 

is comparatively small. The width of the base-plate shown 
'in our engraving is greatly increased in the neighbourhood 
of the fast headstock, to enable the slide rest, when mounted 

in a separate stand, to be used at a greater distance from 
the axis of the mandril than is possible when it is supported 
^ the sliding bed, — but in some break lathes this arrange- 
Oent is dispensed with. The width of the 'break' or 'gap' 
*Mi be adjusted to suit the length of the work by moving the 
hiding bed bodily along the surface of the base plate ; the 
"^k centre remaining always truly in a line \vith the axis 
* Wandril. This traversing motion of course puts fresh 
*fiiculties in the way of rendering the sbde-rest self acting. 
'nese however have been overcome by various expedients, 
**nsideration of the details of which would n 

'■ such a work as the present, so that we c 

*end the reader who is interested in them 

Chines themselves when he has the opportunity. The 

^creased number of toothed wheels at the back of the head- 

tock in the engraving — which certainly at first sight gives a 

Omewhat complicated appearance to this lathe — is due in 

It to the length of the train by which the necessary re- 

etion of speed for the feed motion is obtained, and pardy 
> the fact of the headstock itself being ' treble geared,' the 

■£-p]ate being dn'ven, when the woik is ot \M^ft dHa.twslt^'t, 
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Opinion gearing with the annular wheel at its back instead 
by the mandril. These kthes are occasionally of very 
■ge size, the dimensions which detennine their powera 
■ing, first, the height of the headstocks; secondly, the length 
the bed ; and thirdly, the diameter and length of the work 
aich can be taken by the gap or break. In the figure the 
:ight of the headstocks {above the upper bed) is z i inches, 
»l this lathe is by no means a large specimen of its class ; 
hers ranging as high as 48 inches in the height of thehead-' | 
ocks, with 20 feet beds and breaks capable of receiWng 
3tk 14 feet diameter and 3 feet 6 inches wide. 
HTien, however, articles which have to be turned are of \ 
ch large size as regards theit diameters, they are, more 
;en than not, of but small ividth, in which case they can. 1 
Host always be securely fixed without the assistance of the ' 
ck centre. For these therefore the sliding bed may be \ 
Srely dispensed with, and the iathe may be greatly sim- 
fied and reduced in length. A small lathe of this kind — 
ich is known as a face lathe, or surfacing iatkf, from its 
ncipal du^ being that of ' surfacing,' rather than ' 
^ing," — is represented in the accompanying engraving (Fig. 
S). The slide-rest, which is of a very simple form, is pro- 
led with a base of sufficient height to bring the tool to a 
el with the axis of the mandril It is made self-acting (in 
B case in the direction for 'surfacing' only), by establish- 
t overhead communication between the hinder end of the 
Lndril and the cross-slide of the rest; a light chain being 
ssed from the weighted arm at the front of the rest, over 
o sheaves, one of which is fixed above the slide-rest, and 
; other above the horizontal arm at the hinder end of the 
adstock. This arm receives an oscillating motion from a 
m attached to the overhanging end of the mandril, 
lich it thus imparts to the weighted arm of the slide- 
it i bora which it is transferred, through the pawl and 
diet-wheel at the end of the horizontal screw, to the tool 
ita.ined in the tooJ-hoIder. The feed thus obiaimtiX^ '^-, 
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course intermittent, but it can be varied considerably l^ ] 
. altering the points of attachment between the extremities of I 
the chain and the arms, which are slotled for this purpose; 

When intended for surfacing work of very large diameter, . I 

it is advantageous for the speed of lathes of this kind to be J 

duly proportioned to the distance from the axis at which theil 

tool may be working, and they are sometimes provided witliil 

L ;self-acting apparatus by which this proportion is maintained, f 

1 If the speed be not i-aried, it is obvious that the duty per- 




formed by both the lathe and the tool is much more severe 
' when the cut is being taken from the outer extremity of the 
work, than when the central portions are being operated 
■ upon. So that in face-lathes of any considerable size, treble- 
gearing, or the means of driving the face-plate by a large 
toothed wheel attached to its back, such as that seen in the 
break-lathe (Fig. 145), becomes an absolute necessity. The 
aiove-nien tioned capabilities o( bre3?t-\a.*ies,m\4aeA?iKikintq 
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;, when compared with those which face-lathes 
ssionally possess. Machines of this kintf with 14-foot 
fc-plates, capable of turning articles up to 20 feet in 
aeter, may be obtained from any manufacturer of en- 
ters' tools, and in bygone years the present writer was 
liliar with a face-lathe capable of taking in work up to 
meter of 40 feet But this was intended for a special 
pose — that of operating upon railway turn-tables (which, 
ifcver, it has since become customary to turn when 
a horizontal instead of in a vertical position) — and for 
rial purposes we have at present arrived at no limits in 
pect of size whitdi would be recognised by our machine 
tbers as fixed and impassable. 
Into the construction of the numerous forms of lathe which 
i intended for special purposes, and not for general tum- 
j. it will be impossible for us to enter here, although they 
i!d be found to be by no means wanting either in variety 
D interest But the objection which applies to detailed 
soiptions of machinery of every class — namely, that the 
t introduction of improvements in its construction 
on readers the description inaccurate — is of special force 
their case, since almost every alteration in the size or form 
the one article which each is designed to produce, renders 
uresponding changes desirable in the arrangement of the 
acfaine itself. 

Turning now to the particulars of the self-acting slide-rest, 
"mce at Fig. 147 will show that as applied to screw 
I rack traversing, and surfacing lathes, it is by no 
the simple apparatus which was described in con- 
aion with foot-lathes, From our engraving its general 
e when in position upon the bed of a lathe of this 
ad may be seen, the front of the bed being pro\-ided with 
leading screw and rack, and the back of it with the grooved 
I, to all of which attention has already been 
ected. 
¥'ast, u-il!i regard to the means of es\,ab\\5\i\T\'^ 'Scv'c wss? 
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tion between the rest and the leading-screw — connection 
which must of course be capable of being made and broken 
at pleasure. This was formerly done by clasping the screw 
between the two halves of a horizontally divided nut which 
was attached to the slide-rest, and of which the upper and 
lower portions could be brought together or separated bf 




raising or depressing a lever handle in front of the rest 
The lever handle may be observed in the above engraving "" 
projecting below the bed of the lathe towards the left hand. 
side of the rest ; but it now acts upon a divided nut of ic^ 
creased length, of which one half (the lower) is entirerVi 
omitted. The mode in which it raises or depresses tiri 
upper half will be intelligible from the side view of the re 
(Fig. 149); for which, and also for the plan (Fig. 148) — wic 
. out which it would have been almost impossible to mat^ 
this ingenious piece of mechanism clear — we are mdebled C^^ 
Messrs. Shepherd, Hill & Co,, of Leeds. Careful study cH 
the different parts in these three figures, in conjunction wit* 
the back view of the rest (Fig. 144) will indeed almost ren 
verbal description unnecessary ; and some farther assistance 
may be derived from a companson o^ ftve ■pnaenx. ^bd«-iest 
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ial which is shown upon the bed of the screw-cutting 
Fig. 139), of which the construction is more simple, 




asmuch as its movements, with the exception of that 
;rived from the Jea ding- screw, are only producible by hand, 
■^tf- ^49> i/fen. It will be observed that ttie V'iV. -Kit. ^^^^s. 
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attached to a vertical slide (c), which is there shown panly 
in section, so as to exhibit the eccentric pin (d) by which it 
is worked When therefore the lever handle is in the posi- 
tion which it there occupies, the half nut is raised clear of 
the leading screw (a) ; when on the other hand it has beoi 
moved to that in which it appears in the perspective view 
(Fig. 147), where the lower part of the slide may be nou'ced 
projecting below the vertical portion of the ' saddle,' the 
screw and the nut are brought into contact. 

But except for cutting screws, it is preferable — as we 
have before explained — to give this longitudinal, or 'tra- 
versing ' motion, by means of the rack, instead of the lea.4- 
ing screw. In order to do this by hand, it is only necessaK 
to turn the winch-handle on the extreme right of the reS 
(in Fig. 147), which fits into the socket of the spindle (e^ 
Figs. 148 and 149}, and thus drives a pinion gearing into "^ 
spur-wheel, which appears in the first and last of th- ^" 
figures. At the back of this wheel is another pinion gear"^*^ 
into the rack. To make this traversing motion automatic, -^ 
therefore, that is necessary is to drive the spur-wheel firom '^^, 
shaft at the back of the bed ; which is easily effected throv^^ 
the medium of the wonn-wheel (g), and the shaft (h), wh^^ 
carries a pinion (j) gearing with the spur-wheel. Rea. " 
means must, however, be provided for disconnecting t_— -^ 
pinion (j) from its shaft, and thereby arresting the motiC^ 
of the shde-rest; and the method of doing this — whic^ 
obtained for Messrs. Shepherd and Hill a well-earned pri^^ 
medal at the Great Exhibition of 1S51 — is one of gre^^ 
simplicity and beauty. The pinion, which is bored so as t^ 
lit loosely upon the shaft (h), is deeply countersunk o*^ 
both sides, and is placed loose against a conical shoulder 
fixed upon the shaft. The conical face of this shoulder fits 
into the countersunk pinion on one side, and the face of a 
loose conical collar fits into it on the other. On drawing 
these two cones together, iherefaie, \f] tiveMw, of a nut work- 
ing QQ the screwed end ot Ihe shaix I^h."), -iie ■^\iOia'a.\ieK.c\a 
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I firmly gripped, and is compelled to revolve with it ; whilst 
I on slackening the nut (which appears in front of the rest iti 
Pig. 147), it is instanily released 

A precisely similar arrangement is adopted for throwing 
in or out of gear the pinion (l), by which lliis rest can. be 
I made self-acting for ' surfacing ' This pinion receives its 
. action from the spur-wheel (k), which is kej'ed upon the 
tsiiift(H) just behind the worm-wheel (g). When clipped 
Q its cooes, it drives the cross-sUde screw (m) either 
Awards or forwards according to the position of the 
ilg-frame upon the end standard of the lathe, as, it riiay 
w remembered, was pointed out when we were describing, 
\ »ith the assistance of Fig. 144, ihe means by which the back 
I shaft itself is driven. But, in the present case, the pinion is 
e back of the lathe ; and since it would be highly in- 
,t to have the nut there also, the cross-shde screw 
ide hollow, and a rod, attached to the hinder cone, is 
a dwough it to a T-handle (n) in front. The nut at the 
if the shaft (h) was till lately provided with a similar 
e, but a hexagonal nut, which can be readily tamed 
3i a spanner, has been found to be more convenient, 
"n turning up a long shaft or any similar piece of work of 
lich the diameter is insufficient to give the necessary 
dity, a back-stay is frequently attached to the saddle, so 
t it accompanies the slide-rest in its traveree, and is always 
Wurably placed for giving the requisite support. The T 
>oves marked s are for the purpose of enabling this to be 

d down to the saddle. 
Hn the Duplex lathe by Sir Joseph Whitworth, of which 
fehave given an engraving on a former page (Fig. 1+3), the 
nciple of making the whole of the upper part of the slide- 
t in duplicate is adopted. The two ends of the cross- 
"e then have their threads running in opposite directions 
tae being right-handed and the other left-handed — so that 
It two tool-holders advance towards the axis of the work 
Retreat Gxira it simultaneously. It is oi cQUTSfc ■»KKje.?fiari 
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to reverse ihe position of the tool or tools at the b: 

lathe; in these, as in other slide-rests, two being i 

fixed in each tool-holder, of which one gives a 

the other a finishing cuL Tlie great saving of t 

labour which has resulted from the introduction i 

' Duplex' system, has led to its almost exclusive adoption a"I 
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tte works of the inventor. The fact of the strains upon the 
work being balanced when its two opposite sides are attacked 
fcqually, is undoubtedly much in its favour. 

A few slide-rest tools of the ordinary types which are used ' 
for turning in power-lathes are represented in Fig. 150, but 
■they are of course liable to much variation to enable them 
to meet the requirements of special cases. Commencing 
1th the uppennost or the left-hand side of the figure, they 
are called respectively a hook-tool, a parting-tool, a knife- 
■tool, a right-hand side-tool, an internal tool, and a left-hand 
eide-tool ; and they sufficiently explain themselves. Thar 
shanks are one inch square in each case. 

In the application of slide-rest tools with loose cutters- 
,to power-lathes, some progress has lately been made by Mr. 
Ford Smith, of Manchester. The form of tool which he 
Jecommends instead of the hook-tool above shown — with 
which the bulk of the work is ordinarily done — is given in 
i'ig. 151. Its chief advantage over those of which engrav- 
ve already been given (irvTi^. ii\">,"TO,ii«.\'C&t\wflB. 
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Tj as seen in plan is inclined to the <cntre line of llie 

It at an angle of 45° — a position which is more iavour 

to it for ordinary traversing or 

&iCing, whilst at the same time it 

s the tool to be used in lieu of 

Bde-tool when reqjired Mr Smith 

i found that in generai— that is to 

, when the depth of the cut does 

exceed half the diameter of the 

—steel of circuhr section is to 

I preferred for it, the surface of the 

: being left smoother than wheni'ia 

ngular tool is employed, but for 

y deep cuts he adopts an oval section 




■ of templates, both t( 

■ a level with the axi 



He also makes 
the cutting edge being placed 
of die mandril, and to maintain the 




aisles in grinding the cutters ; these angles being for 
iron 50°, and for cast iron and brass 60°. The 
i made so as to give the face of the cutter an 
n of j° from the perpeni^c\i\a.T. 
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Of the Chucks by which the various articles which have 
to be treated in power-lathes are attached to them, one or 
two examples may have been noticed in our engravings of 
the lathes themselves. In the Break-lathe (Fig. 145), ; 
ponderous Fact-plate serves for this purpose, and it may be 
supplemented when necessary by a ' Driver' or by an AngU. 
ekttck (which is an L-shaped casting, planed and slotted) ; 
but this, unlike the generality of chucks, is attached per- 
manently, so that it may be considered to form part of the 
lathe itself. Moveable face-plates (one of which is repre- 
sented above in Fig. 153) are of much smaller dimensions. 
For heavy work they are used more than any other kind of 
chuck, since a large proportion of the articles which have 10 
be attached to the mandril admits of either being bolted 
directly down to the face-plate or of being held upon it by 
means of clamps — one form of which is shown to a large 
scale in Fig. 152. 

The Four-jaw chuck, of which a representation is also 
given (Fig, 153), may likewise be recognised as having 
■ appeared in a previous engraving (Fig. 146), 
} _ sufficiently obvious — the jaws being separately tightened'up 
by means of a box spanner till the work is held concen- 
trically between them. 

Similarly the Bell-chuck, which completes the assortment 
in Fig. 1 53, admits of any piece of work of smaller diameter 
being held firmly and true between the ends of the screws 
with which its sides ate studded. 

I Another chuck which is useful for holding articles of 
small width, although they may be of large diameter, pro- 
vided only they have a central hole of appropriate size, is 
the Com Chuck (Fig. 154). The central pin, which is firmly- 
fixed in the chuck, is passed through the hole in the work. 
The loose conical ring is then slipped on, and the nut 
screwed down upon it till the work is secured. In this way 
the outer edge of the hole through the work is compelled to 
ix concentric with the chuck. 
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A large number of articles, however, in power-lathes, as 
in foot-lathes, cannot be held by the mandril only, but 
require also the support of the back centre. ' Drivers and 
cairiers ' by which work of this kind may be made to revolve 
in the lathe have already been mentioned, and engravings 
of them have been given {m Figs 114 and 115) and these 
— altered only in respect of size— are used ilso m power- 
lathes. But for hea y work and for turning lonf, shafts ail 
improved driver, in ented long ago by Mr Clement, of 




lambeth, which is known as Cleiimts Drrcr (Fig 155), 
has been widely adopted. It differs from one torra of the 
ordinary drivers in haring two driving pins instead of one, 
and in having then^ fixed in an outer plate instead of in 
that which is attached to the mandril. This outer plate 
is capable of sliding laterally for a short distance, thus ac- 
commodating itself to any inequality In the width of the 
opposite ends of the carrier ; by which means each of the 
pins is made to transmit an equal share of the driving power. 
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^^^ CHAPTER VII. 

H ON DRILLING AND BORING MACHINERY. 

■n a previous chapter (Chapter III.) we noticed briefly 
Bome of the portable forms of apparatus with which holes of 
fcaoderate diameter (up to about an inch) can be made in 
^m-ought iron and similar materials, by giving a slow re- 
' -volviog motion to a drill with two strong cutting edges. 
This, as we saw, is generally done either by a simple crank 
worked by hand, as in the smith's brace, or by converting 
I the reciprocating motion of a ]ever into one of intennittent 
' revolution, as in the numerous kinds of ratchet brace. !n 
f either case the process is of necessity a slow one, as the 
■ power available for overcoming the great resistance which 
•the drill encounters is limited to that which can be applied 
■4)y the arm of the workman. Consequendy, although these 
ff appliances are most valuable for drilling the comparatively 
Email number of holes which must be made during the 
erection of any iron structure, or for those which are required 
I in such parts of a piece of work as are difficult of access, 
^ * they are but seldom employed for workshop purposes, for 
which drilling machines oi greater or less power are much 
I superior in point of speed and accuracy of performance. 
^ The ch f q Vli ^ n essential to a drilling machine 
Bwhich is t b d f miscellaneous work are as follows : 

Rpirst, it mu t b p b) t being readily connected with the 
Rshafting by wh h th dn ing power is transmitted to the 
HTarious pa t f wo k hop, and in such a manner that the 
^speed of th dnll n b aried ; secondly, it must be pro- 
vided with an efficient and variable 'feed motion;' and, 
thirdly, it must have a perfecdy firm ' table' for the leceptioD 
of small articles, which nmst offeT as V\\.\N.e o^a'nomcm. «& 
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issible to large ones. Stability and strength of framing are 

\ course most important qualities for all machine tools, 

lugh ihey are not invariably to be found in the frames of 

filing machines. 
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jBhepherd, Hill, & Co., of which the upper part is a good 

c of these machines in their simplest fonn, though the 

lower has some peculiarities, which we will notice directly, 

^In all ordinary drilling machines the spindle which holds the 

Wk^iiB is placed vertically, so that a stion HoTiioMsi ^oaS.V,cH^- 




tinctness in 



Wffrksh^ Afiptiames: 

it by bevil-wheels, is necessary to e 
belt from any main line of shaf 

countershaft, these bein 
horizontal. The conical \ 
which, by being driven-^ 
case of a power-lathe — fror 
pulley with tlie cone revt 
ables considerable variadOj 
to be obtained, ii 
within the framing, so a 
much closer to ihebevil-^ 
of the framing being thffl 
but this arrangement 
what more compact i 
has the disadvantage 
ways requiring the machi 
erected vertically under an 
to the driving-shaft, to | 
belt by which it is <" " 
clear of the framing. 

This framing, and alsol 
radial drilling machine^J 
be found a few pages j 
should be noticed, I 
amples of the excellentj 
casting them hollow i 
piece, which wa 
twenty years ago. To turn 
complicated castings withoi 
and of uniform thickness 
no smail amount i 
moulder's difficult art. 

This machine is provt 
' screw-feed,' worked 
general arrangement appears ' 
the above engia^m^ ■, &« efissi 



■Sinn61c. 



Drin spindle, : 

hand-wheel (h) being ob\-iously to raise or lower 
kpindle. But the construction of the several part; 
idi is not quite so simple as might at first be supposed- 
be rendered more intelligible by the section (Fig,' 
lAich the letters refer to the same parts as in ^e pre- 
Sng figure. The spindle (a), the lower end of which 
Hves the drill, slides freely through the elongated boss, or 
of the horizontal bevil-whecl (e). Inside this boss a 
, fitting loosely into a groove (g) upon the spindle, 
(pels it to revolve with the bevil-wheel without inter- 
g with its independent vertical motion. But this ver- 
or 'feed' motion is controlled by the long screw (e), 
Ch is so connected with the upper end of the drill-spindle 
to be able to raise or lower it, either when at rest or 
revolving, without itself sharing the revolution ; its 
iency to do so being checked by a longitudinal groove 
a feather (f) fixed within the framing. In order to 
le the point of a drill fixed in the spindle (a), we have 
Sefore merely to draw the screw (e) upwards by means of 
Wl convenient form of nut ; the most convenien 
*W being a sptir-wheel (d) with a female screw cut through 
its boss, which can then be worked by a pinion (p) and 
Mild-wheel (h), within easy reach of the workman. But 
raising and lowering the drill, it is necessarj' 
put considerable downward or 'feed' pressure upon 
This can be done by merely continuing to turn the 
-wheel (to the right, the feeding screw being ' left- 
ided '), after the drill has been brought into contact with! 
the work, the spur-wheel being prevented from rising by a I 
^ collar (c), which fits into a horizontal groove on the 
of its boss, and is bolted down to the framing, 
advantages which, as we have seen, result from 
ig power-lathes 'self-acting' are almost equally great 
the same principle is applied to drilling machines. 
die screw-feeding atrangenient above described, it is 
necessary to impart to the ha.'nii-'«\\tft\ a. cjaafe^iiCNa 
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slow motion, derived from some neighbouring moving part, 
to cause the drill to cut with perfect uniformity, instead el\ 
at one moment making little or no progress, and at the not' 
having its strength unduly taxed through the inconstant attain 
tion of a workman. In the jvall-drill (Fig. 158) the modt> 
in which this is usually effecteri can be seen. Runnil^ 
loose upon the vertical shaft of the hand-wheel {r) 
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wonn-wheel (w), which is constantly being driven by an 
endless screw fixed upon a light horizontal shaft (s); this : 
shaft being connected with the horizontal driving-shaft by ! 
a short belt passing over a pair of small speed-puDeys. I 
Keyed upon the verrical shaft is a ratchet-whee! (r), which 
can at any moment be made to revolve with the worm-wheel 
(wj by means of a pawl (p) canVed \is *ie ^a.\^CT ot.\\s. is^^a . 
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On releasing the pawl, therefore, the drill can be 

i or lowered by turning the hand-wheel (h) ; and on 

ing it to engage with the ratchet-wheel, the self-acting 

s brought into play, its amount being capable of being 

ated by shifting the strap on the speed- pulleys. 

^t several other kinds of self-acting feed have been 

k). One, invented by Sir J. Whitworth, is an expedient 

■considerable elegance, which Fig. 159 will serve to ex- 

Upon the upper part of the 

Il'spindle — which in this case is in 

! piece throughout its length — a 

iv-thread of moderate coarseness 

C«it, the somewhat complicated joint ' 

l>^lween the screw and the spindle 

s.l-jown in Fig, 157 being thus rendered 

vaainecessary. If a iiKed nut were at- 

ti^^ched to the upper part of the framing, 

"ttiis screw would provide the drill with 

^fc self-acting feed ; but it would have to 

"^^»« always exactly equal to the pitch 

<^Jthe screw, and could therefore never 

"t>e altered. So, instead of letting it 

'^n through a fixed nut, it is made to 

fsss between two worm-wheels, which, 

I whenever the vertical motion of the 

1 spin^e is arrested, themselves revolve 

I IB opposite directions. (One only of these worm-wheels c 

1 oe seen in the engraving.) Their revolution, hov 

I be either wholly or partially checked by turning a handleJ 

I which works a right- and left-handed screw, and so drawl 

I together t*-o clips (cc). These chps embrace a pair of friction-il 

I wiieels(FF), keyed upon the short shafts which carrythe w 

wheels, one of the shafts also having upon it a hand-whe^ 

which is not shown in the figure. When the friction- wheels^ 

are so tightly clipped that they cannot revolve at all, they 

have the same effect as a fixed nut, and 'One ieeiSs i»^jai.'v» 
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the pitch of the screw ; but for each diminution in tt 
s of the clips the pressure upon the drill is reduced] 
I an increased motion is given to the worm- and t 
\ wheels. By loosening the clips and turning the li 
[ the drill-spindle (which is provided with a counterp 
' keep it from falling by its own weight) can be quicl 
)r lowered. 
An ingenious but an invariable continuous feed n 
applied by Mr. Bodmer, of Manchester, is described h 
iessor Goodeve in the volume of this series previously W 
lioned,' and is represented in 1 
The drill -spindle^like the previous d 
I lias a long thread cut upon the u 
of it, and screws into the boss of a 
wheel, which thus fonns a nut, which ran I 
itself be made to revolve. If both Itw I 
spindle and the nut are driven at the sa 
rate, the drill of course receives no fi 
motion. But by driving them in the direc- 
tion indicated by the arrow, and giving 
ihem slightly different speeds, the spiodJ^ 
is slowly and continuously unscrewed ; ih* 
amount of its descent (or feed) during ea*^ 
revolution depending upon the excess "i 
its speed over that of the nut. Thus ''' 
during each turn of the spindle, the n**^ I 
passes through only three-quarters of a revolution, the fe^** 
will be equal to a quarter of the pitch of the screw. 

Another kind of continuous feed, which is more exteJ*' 
sively used for large drilling machines than any of th^ 
preceding ones, is on much the same principle as the raclC' 
traversing motion in self-acting lathes. The drill-spindle i* 
made in two parts, the lower, which carries the drill, bein^ 
free to revolve independently of the upper, to which it iS 
attached by a joint resembling that employed for connecting' 

' EieiHiHU e/ Mcckanum, ^■f. Viir ia^. _ . 
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ther the screw and the spindle in the screw feed machines.T 
le circular pillar drilling machine (Fig. i6i), the gearing 
bis raek-feed, as it is called, can be clearly seen, the 
. of the rack appearing on the right-hand side of the 
r part of the drill-spindle. But in order to render this 
of feed self-acting, the driving speed must be reduced 
much greater extent than is necessary in the case of the 
-feed. This is eifected by introducing a second worm- 
1 for cominunicaiing the motion to the pinion which 
into the rack, in addition to the lower one, which is 
«d above the hand-wheel. The latter receives its motion 
, the smaller pair of speed-pulleys, by which the rate of 
can be varied ; this portion of the arrangement exactly 
nbling that already shown in Fig. 158. 
I addition to the feeding apparatus of drilling machines, 
t ingenuity has been expended in devising convenient 
IS of support for the work upon which they have to ope- 
One method — and the simplest one^is to extend the 
of the frame of the machine to a considerable dis- 
e, so as to make it form a flat base-plaU. T-grooves 
Ae reception of the heads of holding-down bolls being 
in this plate, and its surface being planed, it forms a 
efficient support for articles of moderate size of which 
height does not exceed the distance between the point 
the drill and the surface of the base-plate ; for when 
ixed base-plate is immediately under the spindle in any 
ling machine, it of course sets a rigid limit to the height 
the work which can be admitted. An example of a base- 
will be found in the engraving of the radial drilling 
line, Fig. 163. Being of large size, it is cast in a 
■ate piece from the framing ; and, own'ng to the hori- 
il movement of the drill -spindle, the height of the work 
[ in this case limited by it. 
)r is this lunit in point of height the only disadvantage 
a fixed base-plate. Being kept as low as possible for the 
labn of large articles, it becomes a vet^ mconNciasM^ 
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supporter of small odcs. For these a table, adjustable as lo I j 
height, is much better adapted. Jn its simplest form, it l^ 
consists of a rectangular plate, planed and provided wt^^ l,,, 
T-grooves, which can be raised or lowered by a rackaad I.. 
pinion — the latter driven by a worm and worm-wheel, oiin A^ 
any other convenient way. Butin thiscase the workmuslbei L 
perfectiy correctly placed as to its horizontal position befoffi L 
it is bolted down to the table ; and in drilling a series 14 L 
holes, it must be set free, and be again adjusted for each one ■] 
of the series. Toobviate this, Sir J. Whitworthintraducedhii M 
compound table — giving to the ordinary table a horizont4 V 
motion, on the principle of thp slide-rest, in one direcdoo> 1 
and, in addition, hanging it at a point near the vertical portioB- I 
of the framing, so as to enable it to be swung horizontally i" I 
the other. The hinge also made it possible to swing tl** ] 
table entirely out of the way when the work was of sufficie*^^ ! 
height to be supported on a base-plate. i 

Various modifications of this are now in use, under tl^*^ 
name of swing (ablts, the advantages of the arrangement ffc^ 
small work being universally recognised. For machines ^-^ 
comparatively small size, that shown in Fig. 156 lea»e^^ 
perhaps, nothing to be desired. The table, which is ciE^ 
cular, and is free to revolve round its axis, is supported 1^31 
an arm, which can itself revolve round the vertical pillar o^^ 
the machine. By combining these two motions, every part o::^ 
the table can be easily brought under the drill, so thai any*^ 
pieceofworkof moderate size fixed upon it (for which purposffi' 
it has a series of slots, like the face-plate of a lathe) need 
not be unfastened till all the vertical holes which have to be ; 
drilled in it have been completed. In this case no vertical 1 
adjustment is proidded, the table being placed at a con- < 
venient height for holding moderately small articles, and ' 
both table and arm. being swung completely out of the way ^ 
of any lai^e ones. There being no base-plate, there is no 
particular limit to the height of the work which can be , 
Doeraled upon, a pit being occaaiona.U'j sxmV. kl >Jat foot tA 
e nuuiiine for the reception oS ^oa& p^?«a. St*^ 
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larger machines— for the tables of which a vertica 
ttnent is important — the following arrangement is some- 
used, ajid it is an expedient of considerable ingenuity : — 
pillar by which the table is carried is converted into a 
lar rack,' by turning upon it a series of grooves. Into 
grooves gears a pinion, just as it would gear into an 
rack — with this difference only, that whereas its 
would engage with an ordinary rack only when the 
of the table in which it is fixed was on one side of the 
r, with the circular rack it can do so equally well on alt 
i. This enables the table to be raised or lowered, whilst 
fi same time it is slewed round to any ret|uired extent — 
i(fing it, in fact, with an efficient vertical adjustment, 
out in any way interfering with the horizontal ones just 
tibed. 

oothet way of effecting this, which admits of a plain 
r being substituted for the circular rack above men- 
■A, is shown in the circular plilar drilling machine, 
i6i. The ann on which the table is supported em- 
«s not only the pillar, but also an ordinary straight rack, 
it carries round with it to any side of the pillar to 
it may be swung. Thfe worm and worm-wheel, which 
lie the height of the table to be adjusted by hand, may 

ly seen in the engraving, 
ith reference to the methods of fixing work upon the 
r base-plates of drilling machines, the reader who is 
with the use of the face-plate of the turning-lathe 
at once recognise the object of the slots with which the 
liar tables in Figs. 156 and 161 are provided. Any 
': which has vertical bolt-holes, horizontal flanges, or 
I is itself of no great height, can be secured by passing 
■ plain or hook-bolts through the slots in the table ; t 
IS resembling those for the lathe face-plate {shown i: 
152} can be used when necessary. And upon rect- 
ir tables or base-plates pieces ot work, can be secured 
similar nvuiner, by means of their T ^QCi\e.s,'«vVa ^^ 
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part of which holding-down boits can be inserted. 

most cases the weight of the work is sufficient to steadj ik I 

and to prevent its revolving with the drill ; and if it manifest ] 




any disposition to mov^j the workman is generally able to 
steady it with his hand, ao that it is unnecessary to secure it 
with bolts OT otherwise. Ijaige ?\aXas, Sit., -wtaKii t^axxona 
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' upon ihe table, require of course extraneoua 
[yort; but the shortness of the time occupied in drilling 
f raoderate-sized hole generally makes it preferable to 
d them by hand rather than to have recourse to any 
lianical means of fixing them. 

ir steadying small pieces, especially such as have not a 
a basis of their own — as, for instance, in drilling a hole 
nsversely to the axis of any cylindrical work of small 
imeter — a vke-ehtKk, like Fig. 1 62, is a convenient addition 
a drilling machine. The engraving sufficiently explains 
e slots in the base being for the purpose of boiling it 



a to the table, and the lever (which is moveable) for 

5 or closing up the jaws by means of the internal 

centres upon which the ja^vs are hinged should, 

:, be noticed, as their position, well above the point 

h each jaw transmits its pressure to the work, con- 

I much to the steadiness of any article within its 

i holding articles whose form precludes their being 
1 down upon a horizontal surface, but which can be 
1 vertical one, an angle-chuck is generally sup- 
d with vertical drilling machines. It consists, like the 
diuck of the same name, of a short bar of L-, or angle- 
on lis outer faces. Both its houTJonU-V a.t\i %(.% 
ajportions contain sJots for the lece^tio^ cS Xicito,,— 'Si 



i 
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ihe one case for fixing the chuclt to the table or b3se-p\4B m 
of the machine, and, in the other, for attaching the woikO ■ 
the chuck. 1 

When a drilling machine is required for operating upm I 
large pieces of work only, a wall-drill — of one example dl | 
which an engraving has already been given (Fig. 158), as4 
in which both base-plate and table are dispensed with— is 
perhaps the most convenient form of all. Its framing is then 

made that it can be fixed to the wall of the workshop, and 
the whole of it is kept above the drill, so as to be quite 
clear of any work placed underneath it Moreover, by turn- 
ing an arch in the wall, and fixing the machine at its crown, 
the clear space below the framing can be still farther extended, 
so that a boiler or any other large object can be operated 
apon with perfect facility. 

' Double gearing' has been so fully described in connect 
tion with the lathe, that it is unnecessary to do more tiias* 
to refer to it here. Both its object — that of obtaining greatly ' 
increased power by a corresponding sacrifice of speed— and 
the gearing by which this is effected, are in general perfectly 
similar, whether the work is to be performed in a power- 
lathe or in a drilling machine. The latter, when intended 
for drilling holes of mor« than about two inches in diameter, 
should always be provided with it. 

One other variety of vertical drilling machine sliould nW 
be passed ov«r, inasmuch as it affords faciliries for drilli 
Vertical holes in large or ponderous articles by adopting 
principle of adjusting the drill over the work instead 
arranging the work under the drill. In this respect l3ie 
radial drilling viachine (Fig. 163) differs materially from the 
machines for drilling which we have thus far been con- 
sidering. The way in which this power of adjustment is 
obtained— as will be understood from the engraving — con- 
sists in supporting the drill-spindle, together with the gear- 
ing for driving and feeding it, upon a slide or carriage which 
cnji travel horizontally along a T3.i\B.\ aiva, "One BimvNHKii 



Wng moveable about a vertical hinge near its pomt of jun 
M with the fixed pillar of the framing, By combining ti 

ttavel of the slide with the circular motion of the arm, the lir 
1 be brought not only over any part of the base-plate 

le machine, but even to a considerable distance beyond j 

nits on either side. The height of the arm can also ] 



I 



adjusted, it being for that purpose hinged to a long vertid 
slide, instead of directly to the framing. 

But these advantages are not obtained without coi 
siderable sacrifice of simplicity in the working parts, as miS 
be evident when we consider that the driving power ha 
to be transmitted first to the radial arra, ■wVo'sft Vs-\^\. « 
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Birection are variable, and from it to the drill-spindle, 
which the position and height are also variable. 

t be provided too for raising or lowering the arm, aad 
f for regulating the traverse of its slide, without interferinS 
with the self-acting feed-motion of the drill- spindle. The 
I manner in which these requirements are satisfied will pr^ 
bably be self-evident on studying the figure, in which ih^^ 
reader who has accompanied us thus far in the subject C»^ 
drilling machinery will not find much difficulty in tracin^^ 
out for himself the course of the power from the driving^'^V. 
pulleys to the drill, nor in understanding what may be calleC^^-*^ 
the subsidiary parts— for feeding, adjusting, &ic. 

One fact should be borne in mind, for it greatly simplifies 
this task, not only in machines of comparatively few parts, 
like the present one, but in most others, however com- 
plicated they may at first sight appear. It is this i that ii 
all properly designed machinery the strength of the workin^^ 
parts is proportioned to the strains they have to bear ; so^^ 
that by observing their strength a good idea may be^ 
obtained as to the amount of power they are intended to^ 
transmit. Toothed wheels, shafts, &c., will thus be found^ 
, to a great extent to tell their own story, the thickness oC 
i die teeth of the former and the breadth of iheir faces, an* 
I' the diameter and length of the bearings of the latter, being 
frequently most valuable guides in assigning to each their 
respective duties. Examining, for instance, in this way the 
various working parts of Fig. 163 — keeping in mind of course 
the main object of the machine, which is in this case to 
convey the power from the driving -pulleys to the drill- 
\ spindle without any great alteration of speed (except through 
L.the agency of the double gearing) — a single glance assures 
"i that the horizontal shaft running along the radial arm, 
^d also the vertical shaft between the trunnions on which 
1 is hinged, are for the purpose of transmitting this 
TOwer, since they, and also the drill-spindle, are approxi- 
mately of Ihe same diameter. Kt\ ma^cxvcrtv ol 'iw; 
bicbthey are connected confttras xVC\s vm^i^es.ivjo.. 
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I Theverticat shaft is driven from the double-geared pulleys 
■^ a pair of strong bevil-wheels — which are clearly seen neat 
Wk centre of the hinge of the radial arm — the rise and fall 
•«f the aim being provided for by grooving the vertical shaft 
■tad fixing a feather in the boss of its bevU-wheel, this wheel 
peing supported by a bracket projecting from the fixed pan 
■W the framing. Similar bevil-wheels connect the vertical 
pth the horizontal shaft (one of these is partly seen in the 
Pgnre just below the upper trunnion of the radial arm), 
P^iich also is grooved throughout its length on account of 
Ble traverse of the slide, a pinion in this case at the back of 
Ble slide being carried with it to any part of the arm to which 
B may be moved, and a feather in the boss of the pinion 
KQiaining constantly jn the groove of the shaft, so as to 
K£eive its motion. This pinion cannot be seen in the 
Kgraving, but the spur-wheel in front of the slide which 
■Cars into it shows us at once by the width of its face (which 

■ almost equal to that of the spur-wheels of the double 
■earing) that it transmits the driving power lo the drill, and 
bs nothing to do with its adjustment or feed. One other 
nir of bevil-wheels gives revolution lo the drill-spindle — 
^^ich of the two pair with which it is furnished tlie reader 
ni have no hesitation in determining for himself on the 
Knciples above recommended. The others convey the 
Knute proportion of the driving power which is required to 
Bake the feed self-acting; a pair of small conical pulleys 
B the back of the radial arm giving the requisite control 
Iver its speed. These, however, and the ' rack-feed ' gene- 
nUy, have already been noticed ; so we will here only call 
Ktention to the smallness of the diameter of the vertical 
piafl, which performs the very light duty of connecting the 
Krwer worm-wheel with the upper worm, Still one other 
pair of bevil-wheels remains, namely, those in front of the 
feandard of the framing. They are for the purpose of raising 
bi lowering the radial arm, together with the slide, gearing, 
Sfcc, which it carries; the. combined weight Qt"«la.d\"it\i!l'«i 
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it necessary to give considerable strength to the teeth of the 
wlieels by which this is effected. So that in this case thei« 
may at first sight be some doubt as to their use, although ft 
small amount of consideration (with which the application of 
what has been said above must always be accompanied) 

m points out the necessity for their somewhat exceptionaS 
strength. In this adjustment a hand-wheel, worm, and won**^ 
wheel are sometimes substituted for the bevil-wheels aB<5 
pulley shown in the engraving, the circular motion being i*^ 
each case converted into a vertical one by means of a pinio ^^ 
gearing into a rack which is fixed to the slide upon whic^^ 
the radial arm is hinged. 

The bases of radial drilling machines are occasionally mad i 
of sufficient height to enable their vertical sides to be utiliseC^ 
" II holding articles which can be more conveniently affixes^ 
a vertical than to a horizontal surface. When this is di^^ 
case the base assumes the form of a large rectangular 
with horizontal T-grooves cast upon its sides and ends. 

The following particulars of the vertical drilling machineaS^ 
figured above will serve as a guide in stating the capabili' " 
of others of the same kind. 

The single-geared machine (Fig. 156) is capable of drilling^ 
holes up to i^ inch in diameter, to a depth of 10 inches, 
the distance of the centre of the hole from the edge of the- 
work being limited to one foot. 

The wall-drill, of which an outline is given in Fig. 158, 
has, of course, no limit as to the position of the hole which 
it can drill, and being double-geared, its diameter can be as 
much as 6 inches, the travel of the drill-spindle, which de- ■ 
termines its depth, being 14 inches. 

The powerful double-geared ' circular pillar ' machine 
(Fig. 161), can, like the preceding one, drill holes up to 
6 inches in diameter, their greatest distance from the edge 
of the work being 15 inches. It can admit articles 3 feet 6 
inches high. 

TAe radial drilling ma.dv"« ''^v';- ■i&^w^'aaAsLV'-e.i. W 



D-l Capabilities of Dnlling Machines. — Drills, 22i 

ling holes up to 6 inches in diameter, the travel of the 
Widle being 13 inches. Its arm has iS inches of vertical 
Jdjnstment, and can be swung round upon its axis through 
imething more than a semicircle. Tiie travel of the slide 
^apon the arm enables the drill to be placed at any distance 
feiweeii 2 feet 6 inches and 6 feet from the centre of its 
ttucnions. 
^■The ordinary form of drill which is used with these ma- 
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ines, together wilh two kinds of pin-drill, is represented 
164. One much resembling the first of these has 
ready been given in connection with hand-drilling apparatus, 
Kit greater attention is naturally paid to the proportions of 
these tools when they are of large than when only of small 
size, and of these the present is a good example. The 
parallei portion above the cutting edge should be noticed, 
since, as already pointed out, it conduces much to the 
regularity and smoothness of the hole pioiui:,e4. TVc Pm- 
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jyrilU speak for themselves; the first, with three 
edges, being used for such purposes as enlarging the endEdf j 
screw- holes, so as to admit the heads of ' cheese-headed 
screws, and being sometimes called a, ' recessing bitL' The 
Becond is a tool of a good and much used type, consisdnj 
of a loose steel cutter, held by a key in a bar of wrou^. 
iron or sleel of appropriate length. When of any consi^ 
derable size this is known zs, a ' boring bar,' and it ts thin 
firequently used in some form of (generally horizontal) bonig 
machine by which both its extremities can be supported, 
instead of in such drilling machines as we have been con- 
sidering. Into the construction of these we cannot eDl«i 
but a brief description of a boring machine of much larger 
si/e, in which the feed motion is given to the cutter instead 
of to the bar itself, will be found a few pages farther on. 

But before quitting the subject of simple vertical drilling 
we must mention the so-called Multiple Drilling Afaehutef- 
■Whatever may have been the purpose for which they wer* 
originally devised, their first introduction on a large scal^ 
was due to Messrs. Cochrane of Dudley, who employed 
them in the manufacture of wrought-iron girders. For suct» 
purposes — in which it is necessary to drill very large nui»- 
becs of rivet-holes with the utmost possible rapidity, and to 
place the drills with such accuracy as to ensure perfect 
correspondence between the holes — they offer very gieaC 
Admiiuccs. The end standards, with a portion of the hoii- 
lonial girder by which the drill-spmdies are carried in a 
nwchine of this kind made by Messrs. Collier of Manchester, 
bv which upn-ards of forty holes can be drilled simultane- 
ity, is represented in Fig. 165. A section through the 
fg^tt is >!*<* given to an enlarged scale. The standards 
•If nUc<d »' " sufficient distance apart to admit between 
ikMa ll»t l<*^^' ^\a\t which has to be operated upon, so 
AM *e WJ^ ^ '^^ machine varies according lo the pur- 

. *^ whidt it is intendevl tn any case a planed table 

0( Ae P^*-*: eii^«»^ ttaiex live -sVdift ^am^ 
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*f the drills, hydraulic cylinders or other mechanical means 
'^iiig provided for slowly raising this table, and llius bringing 
'^^ Work gradually up to the drills, instead of complicalmg 
™e Spindles by giving them any vertical feed motion One 




hydraulic cylinder only appears ii 
engraving, the second, together with 
about three-founhs of the number of drill- 
spindles with which the machine is pro- 
vided, having been necessarily omitted. 
To enable the holes in the plate to be 
drilled at any required points, each 
spindle is supported in an independent 
frame, -which can be fixed at any part 
of the girder by two ordinary screw- 
bolts, horizontal T-grooves being cast 
;ive their heads. The drills when arranged 
: driven simultaneously from a horizontal shaft running 
along the top of the girder, connection being established I 
between them by an unusual and mgemoMS fofta "A V^w^ 



in the girder to r( 
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gearing, which for such a case as this has considerable 
vantages over ordinary bevil-wheels. It consists in pla< 
on each drill -spin die, and also on the driving shaft opp{»site 
to it, a sliort length of a many-threaded screw. These, wt^idi 
are precisely similar to one another, and in appearance re- 
semble small spur-wheels with inclined teeth, are capable? of 
working together {by sliding instead of rolling contact) when 
their axes are at right angles to each other. Being of mxici^ 
smaller size than bevil-wheels of equal strength, they allo*^ 
the spindles to be placed much closer together than woul^^ 
be possible if they were driven in the usual way with bevir" 
gearing. Indeed, by driving the alternate spindles frotitf 
separate shafts placed one above the other, they can be sW 
arranged as to drill holes of which the centres are only 3^ 
'inches apart. 

With none of the foregoing machines is it possible to 
drill holes of other than circular section, although for some 
purposes— such as in the expansion joints of iron structures, 
and possibly also for obtaining increased sectional area in 
rivetted plates generally — it is desirable to give them a more 
or less elongated section. With punching machines, as we 
shall see presently, holes of almost any required form can 
be produced, but for highly finished work they are inadmis- 
sible, and machines have, therefore, been devised with which 
elongated holes (see Fig. 162) can be drilled at a single opera- 
tion, the proportions between their length and widths being 
variable within very considerable limits. This process is 
known as Slot-Drilling, and one variety of machine by which 
it can be perfonued is shown in Fig. 166. It will be seen 
that the drill-spindle is mounted on a carriage which is 
supported by a horizontal slide, much in the same manner 
as in the radial machine (Fig. 163). The carriage, however, 
instead of being adjusted once for all, as in that case, con- 
tinually receives a slow backward and forward motion along 
the slide to an extent which depends upon the amount by 
which the length of tKeho\e \a lo fs.c.eei "to 'n'-l&.^v. ■Yms, 
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simultaneously with the rotatiou of the 
fcduces a hole of the desired form, which may be 
f either entirely or only partially through the work. 
I engraving the ' cross-head ' of a steam-engine is 




I in position for having a cotter-hole drilled in this 
6, the tahle on which it is supported being capable 
feg adjusted as to height, or being entirely removed, 
It no vertical adjustment is required for the slide. The 
I to the carriage by C0T\'[ie«\T\^ Vi aS. "^f* 
ft 
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back with a stud which projects from the face of a revolv- 
ing disc, [he extent of the motion being determined by the 
distance from the centre of the disc at which the stud is 
fixed. In order to overcome the irregularity with wliidi 
the carriage would move at the different parts of its travcise 
if the disc were to revolve at a uniform rate, the pinioia by 
which it is driven is made eccentric and the disc itself elJip- 
tical ; by which arrangement the lateral movement of tbe 




carriage, and therefore of the drill which it suppi 
rendered everywhere nearly uniform. 

For the combined horizontal and vertical cut thus 
tained, the usual pointed drills cannot be employed. It 
has been found, indeed, that the best results are obtained by 
using a tool from which the central part of the cutting edge 
has been entirely removed, so as to give it the form of Ac 
Forked Drill m the accompanying figure (Fig. 167). Or a 
similar instrument may be made by fixing two loose cutters 
diagonally (also shown in the figure) in a stem someiriiat 
less in diameter than the wvdlVi ot fee\tfi\e \q \ifc dxiUed. 
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^^But these, aUhough rapid in their action, and therefore well 
^Waclapted for performing the bulk of the work, must be 
^m followed by some kind of Finishing Drill whenever it is 
W required that the surface be left smooth. Two examples 
T of Rose Drills for this purpose are given in the figure, in 
I one of which the cutter is formed in a separate piece 
I from the stem, and can be detached from it But square- 
I ended drills, from which a minute portion of the edge at 
I the centre only is removed, may also be employed for 
I smoothing. The stems of slotting drills, whatever their 
I form may be, and also the spindles which carry them, must 
\ possess much greater strength than is required for ordinary 
''rilling, on account of the side strain to which they are 
subjected. 

The machine engraved (Fig. 166},— made by Messrs. 

^J^^JT), Stewart, & Co. of Manchester,— is capable of taking in 

"t* j ects of any length, provided that the height does not 

f**-c;eed 3 feet, and slotted holes up to 13 inches by 4^ 

"^-^^Ties can be drilled in them to a depth of 1 1^ inches. 

^-rious other forms are also made, some of which are 

P*"^vided witli duplicate spindles, tables, &c., so that two 

^';_^^tted holes or grooves can be drilled at the same time 

^*ther in one or in two separate pieces of work. For the 

"^^e of these machines is fay no means confined to the drilling 

'^f holes for such purposes as we have mentioned. Key- 

*^ds and many similar recesses can be cut with them in 

Iiositions upon which other machine tools could not po^ 

sibly be brought to bear, and their performance is such that 

no after-treatment with the file or other tool is required. On 

a similar principle — the motion, however, being given to the 

I work instead of the tools — an entire series of slotted holes 

I could be easily drilled at once if required. 

I In passing on now to Boring, which implies the use of 

I some description of Boring Bar, we may mention that one 

H.very simple method of performing the operation consists in 

U^iing between the centres of a lathe a p\a.m "MQ'ti'Xax -wfiSi. 
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. one or more transverse slots in it. Into each slot either 

I a single- or a double-ended cutter is keyed, the article to 

I be bored, which must have previously had an opening made 

' .completely through it of sufficient size to admit the bar — 

I being attached to the saddle of the slide-rest, the movement 

. of which along the bed of the lathe feeds the work continu- 

[ ously up to the tool. And for accurate work — as, for instance, 

I in boring out a cylinder for a steam-engine — it is important 

for the feed to be continuous, and for the cut to be carried 

I through from end to end without stopping, whatever may be 

, the particular means adopted for producing il. To obtain 

■good results the diameter of the bar must be sufficient to 

■enable it to support the cutter rigidly and at no great 

distance from its cutting edge. 

But for boring cylinders, &c, of large diameter there are 
obvious advantages in employing some form of boring bar 
\ which admits of the work being kept stationary and the feed- 
I motion being given to the tool, especially ifthis is compatible 
with a reduction in the large size of the bar which would 
I otherwise be required to provide the cutter with adequate 
support. Such an arrangement is shown in the following 
illustration (Fig. i68), but as the boring bar which there 
I appears, and which constitutes the main part of the machine, 
I may be used with almost equal efficiency in an ordinaiy 
I lathe, we will bestow our attention chiefly upon it without 
particularly regarding the worm and worm-wheel by which 
in this case it is driven ; which, indeed, explain themselves. 
The spur-wheels, however, on the left in the engraving form 
part of the mechanism of the bar, and must not be sup- 
posed to belong to the driving apparatus. 

At the centre of the bed in the figure (Fig. i68) is a 
I locomotive engine cylinder placed in position for being 
bored, and on the point of entering it may he observed 
' a block or boss upon the boring bar. In this — which is 
i called the ' cutter-block '—the tools are fixed, instead of in 
]_ihe bar j'fself ; four or mote s\ots Niem^ ■^xovvi.e.i tw *«.«: 
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reception, together with the keys or colters by which '''^^^| 
are made fast. The cutter-block is capable of sliding ali^^^H 
the whole length of the bar, so that all tliat is required ft^^F 
giving a feed-motion to the cutter is to render its raoVJ^W' 
I ment in this direction sufficiently slow and uniform, whi^^K 
s always done by connecting it with a horizontai screw cc^^^^H 
Liiained in a recess within the boring bar. But for driv^j^H 
Kithis screw several different methods have been adopted. .cMH 
Tjhown in the engraving, the screw is fixed con centrical "^^ ■ 
fwithin the bar, and at one end is carried beyond it a«^ 
■Pirough the centre of a spur-wheel (a) which is keyed upC^ 
r. Upon the end of the screw a second spur-wheel (^ 
1, its diameter being greater than that of the first by ^ 
ilnount which depends upon the speed which is to be give- 
p the screw. Into these gear two wheels (b and c), of whic:::^*^^ 
pie diameters, differ to the same extent as those of a and ^^ ^ " 
: B and c are so connected that one cannot rotate witl^^'" 
It the other, their effect, when the bar is in motion, is '^' 
blige p to revolve sUghtly more slowly than a, thus impart*— 
[ to the screw to which d is attached a slow revolution' ■^ 
Independent of that of the bar. Different rates of spee-=^^ 
lay be obtained by substituting differently proportione^s^ 
t wheels for c and d. 

Another form of this arrangement, which enables Ih^^ 
prew to be placed near the outside of the boring bar instea* "^ 
f its centre, will be found in Professor Goodeve's worlt^^ 

Sgether with another — different and somewhat simpler 

1 of obtaining the same motion. The machine en. -~ 
is made by Messrs. Fairbaim, Kennedy & Co., o^ 



with the present subject we will give, before 
losing the chapter, one other example of boring apparatus, 
"!. that employed in the Royal Gun Factories at Woolwich 
T taking a minute final cut from the bore of heavy ordnance 
Sed on the system of Sir Vf. AimstTQw^. It is of course a 

' £UmtitU of Mcchaioimit- "iiA- 
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!>ol of special application, but it is one which may be of 

Y great value in suggesting arrangements for obtaining an 

pially high degree of accuracy in other cases. The boring 

r for this purpose is not provided with a sliding block 

i those which we havejust been noticing, but is held, at 

! extrernity only, in an ordinary lathe, the gun being 

died to-the saddle of the slide-rest and fed up to the 

fetters in the manner already alluded to. The opposite or 

Wking end of the bar, which is represented in Fig. 169, is 

i^ed to receive the cutters. These are six in number, 

e firmly screwed to it in the positions indicated by the 

AAA, being carefully adjusted as to distance from 

e axis of the bar by packing them at the back with very 

Mo paper. As may be observed, they are arranged in two 

fcts of three each, of which the first set performs almost the 

Sole of the work^the second being chiefly added as a 




■ against error in the size of the bore on account of 

I of the cutting edges, which takes place to a small but 

ti appreciable extent in the course of even a single boring. 

^Following the cutters is a series of six guide-bars (b b b), 

iDged spirally, which are made exactly to fit the bore. 

ttjvided that the length of these is sufficient, and their fit 

: is evident that the cutters cannot advance except 

^ a straight line ; so that in order to ensure the direction of 

e bore being correct throughout, it is only necessary for it 

b be correctly started. Moreover, the true circular form is 

iectually secured to it by the spiral arrangement of the 

Uiding surfaces, which prevents its having any tendency to 

e polygoaa,], whilst the number of tMltets in.e3x.Usetis 

II which is best adapted for ensuring a\,ea,imft?s'isi-«Q'f«iB!t- 
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CHAPTER VIII. 

on PLANING, SHAPING, AND SLOTTING MACHINERY 

■Allusion has already been made to the important 1 
which the ' slide principle ' has played in bringing Ma? 
tools up to their present condition of size and powei 
the reader who has glanced with us at the enormoiid| 
creased efficiency of the lathe which has resulted fi 
■'introduction of the slide-rest will not require additional;^ 
firmation of the fact. But neither lathes nor drillingfl 
■chines, at least in their simple forms, are dependent -t 
this principle to the same extent as is the class of f 
which we have now to consider. Planing Machines, iiu 
which in importance to the mechanic stand scarcely si 
to power iathes, could hardly have come into i 
at all if the advantages to be derived from the use of iq 
plane shding surfaces had remained unrecognised; atl( 
if ttiey had, their mode of action must have been S' 
different from that in which ail the varieties of those 1 
for planing metal are made to operate at the presentji 
that it is difficult to conceive how they could have t 
similar beneficial influence upon the practice of the -* 
shop. 

The modem Pianing Machine is essentially a cojq 
machine. It reduces a surface to flatness, or to a t 
approximation to flatness, by making upon it a serie^ 
parallel cuts with a tool which is generally more or liest 
pointed. Each of these cuts is, as, to direction, an exact copy 
of the movement of that portion of the machine by which 
the work is sujjfported, or in other words, of the slide which 
determines the nature of this movement ; whilst the line in 
which each fresh cut follows the p^evKous nvift Sa, A^i a. tu-^ 
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— in this case of the slide along which the tool 
feed motion. If both of these movements take place a 
straight lines— as they must whenever they result from ibe, 
sliding of plane surfaces upon one another — every portion ft 
the work upon wliich the extremity of the tool has beea 
made to act lies in one and the same plane surface ; butif 
either the one or the other of them be made to follow! 
circular path, it is evident that instead of a truly flat sm&ce 
we shall obtain a curved one with equal accuracy. We 
see in the course of the present chapter thit this latttT 
combination of movements, as well as the former, is turned' 
to useful account in mechanical workshops. 

A good example of an ordinary Planing Machine is ^ven 
in Fig. 170. It consists essentially of a sliding table for 
supporting and giving a reciprocating motion to the work, 
together with suitable arrangements for fixing one or more 
planing tools above it and for providing them with an 
intermittent feed. 

First !et us examine the construction of the table, and the 
means adopted for imparting to it the necessary motion 
aiong the bed. The two parallel beams or cheeks which 
form this bed, giving it some resemblance to a lathe bed, 
have upon their upper surfaces V-shaped grooves, made ac- 
curately parallel throughout the entire length of the machine, 
and truly plane as regards their sides. Corresponding projec- 
tions, which are cast on the under side of the table and are 
also carefully worked up to a true surface, serve to 
the bed and the table together into a gigantic slide, no othex 
security besides the weight of the latter being necessary to 
keep it from leaving the grooves. The table, however, must 
not only be enabled, it must be compelled to slide backwards 
and forwards aJong the bed, and that both with sufhcient 
force to cause the tool to take a cut from the surface of the 
work, and to a sufficiendy variable distance for its motion al- 
ways to correspond with the lengj-h at the ^HJon which h^s 
to fiepianed. The usual mcxhod o^ efecCm^x're&S 
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n the centre of the table on its under side a pinion (of 
light iron) which gears into tins being driven — through a 
bof wheels capable of sufficiently reducing the speed — by a 
Btimd pulley in the ordinarj way W ere it not for the neces- 
■ of constantly reversing the motion ■ill would be simple 
igh, but after each cut his been made the table must be 
jjit back to the position from ■» hence it started, and 
e the tool cannot act when the work is mo\ ing away from 
s edge, it becomes an object to spend as little time as 
possible over the return stroke 

This has led to the introduction of vanous methods of ob- 




taining a gitick return one of i\h ch will be intelligible from 
the accompanying dngram {Fig 171) wh ch <ihows the 
general arrangement of the wheels m the planmg machine 
represented above. Their duties are threefold : First, to 
effect a sufficient reduction in the speed of the shafting from 
which the machine is driven ; secondly, to convert the 
rotary motion thus reduced in speed into a forward horizontal 
one {the table as it appears in the figuTt beTO?, ^.W'^ ■kmsm'A 
JTotn left to right)] and thirdly, to pToduce a sm\toi^i'a.'2t.- 



236 IVoris/ia/) Appliances. (Oup. 

ward movement at a less reduced speed. For the second oj 
these — namely, the conversion of the circular into a rectUint 
motion — the rack below the table, which has been ah'ead)! 
mentioned, provides. A short length of this is shown at 
the figure, the wrought iron pinion and the large spur-wheet 
of which the upper portion can be seen in the gcneml view 
of the machine, being represented by p and S respectively. 
Of the three pulleys and the remaining toothed wheels, those 
by which the fonvard stroke is given are marked a, and' 
those for the recum stroke b ; the increased number of wheeb 
in the former of these trains being for the puqjose of sut' 
ficienUy reducing the speed, which, as already pointed on^ 
would be a positive disadvantage for the latter. The cential 
pulley is 'idle,' that is to say, it runs loose upon the shaft, as 
also does the 'return' pulley which is marked b, but lbs 
last is inseparably connected with the pinion r. In order, 
therefore, to drive the table alternately backwards and for- 
wards at these different speeds, it is only necessary to shift 
the strap from one of the outside pulle)-s to the other at. 
proper intervals, the idle pulley between them allowing a 
short period of rest between the two motions. This can be 
done by merely moving to one side or the other the leva 
which projects from the bed near the centre of tlie raachiMi 
but by a simple arrangement, to the consideration of whi*^ 
we will now pass on, the table itself is made to change tl* 
positionofthe strap when it comes to the end of its travel** 
whatever the length of that traverse may be. 

Projecting from the bed of the machine near the levC 
just mentioned two short curi'ed arms may be perceived, <» 
which the resemblance to a pair of horns has gained for them 
that appellation. They also appear in the diagram (Fig. 173^ 
where they are marked h h', in which the portion of the 
figure which lies to the left of theco, taken in connection 
with the plan of the strap -shifting arrangement showD 
above it, will serve to explam iheW action, with but little 
veibai description, ll sboiAd be ■no'C\cc6.,'feQ'««Ncii'^Bj^' 



ts u h' are not in one and the same vertical plane, h' 
g placed in front of h by the amount of its own thick- 
By providing the table, therefore, with two adjustable 
r, one in the plane of each of the homs, and setting 
eat proper distances apart for reversing the motion at 
required point, the short shaft to which the horns are 
died is turned to a small extent alternately to one side 
to the other, thereby moving the lever l, the sliding bar 
id the fork f, between the fingers of which the strap 
5 to the pulley. One only of the stops appears in either the 
Kctive view or the diagram. In the latter it is marked ;. 
. planing machine, however, is required to be self- 
ng with regard to the feed of the tool as well as in 
ts own traversing motion, and since the feed 
It be intermittent this too can be conveniently derived 

I the movement of the horns by which the shifting of 
strap is accomplished. But before turning our attention 

e arrangement by which the feed is made self-acting, 
raost examine in some detail the construction of the 

s by which the tool is supported. 
: Togi-heider or tool-box, as it is sometimes called, is 
in Fig. 173. The cross-slide which carries 
seen distinctly in the general view of the 
diine (Fig. 170), in which also should be noticed the 

II gearing at the top of the side standards, by which 
cross-slide itself can be raised or lowered. The . 

B within the standards, upon the upper e.*;tremities of 
!i one of each pair of these faevil-wheels is fixed, thus 
la rough adjustment for the height of the tool. But for 
y adjusting it, and for giving also a vertical feed to it 
n required, the tool-holder is furnished with a slide, the 
(halves of which are marked u and v in the engraving, 
turning the hand-wheel which is keyed upon the top of 
vertical screw, v can be raised or lowered. The tool, | 
ever, is not attached directly to the moving half of the 
't is often desirable to md\ne\\.xo a.'am^ e.t5aW. 
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either to one side or the otlier, for which purpose 1 
affixed to it a slewing-plate w, which is capable of b " 
to thu required inclination, and being retained in that p 
by a boil passing through a slotted hole in the upper p 
of it. But even to these the tool is not directly ai 
Pot it is found to be highly injurious to the cutting ei 
keep it in contact with the work during the return stroke^ 
evil which is perfectly n 
died by hinging the : 
plate (x) instead of connect- 
uig It ngidly with the slife 
U> this therefore, the toil ii 

In addition to slewing tJ* 
tool by means of the plate *i 
It IS somLlimes important W 
be able to give it an inclined 
or angular feed instead p(* 
lertical one This is provide" 
for b> making the hinder pO'" 
Hon of the slide (u) moveat>'* 
laterally about a point sort*** 
what below its centre, thebol** 
by which it is attached to tt** 
saddle t having the heads constantly in some part of * 
circular T-groove, so that U, and with it the entire frof ' 
portion of the tool-holder, can be clamped by them at ar»y 
► desired inclination, the angle being indicated by graduations' 
\ on the face of the saddle. 

Let us now see how the feed motion can be given. 
1 whether this slide be set vertically or inclined. In Fig. 170 
two light shafts may be observed running from end to eod of 
"" " ;, and passing behind the saddle of the tool- 
holder. One of them(the lower one) has a screw-thread cut 
upon it, by which it drives the tool-box horizontally along 
the cross-slide in the otditiaiy ■wa.-j, 'Bmx w K?. -Cmt i^iCust 
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Biwhich communicates motion to the parts which we 
Ete just been examining, and this has no screw-thread, 
^itmerely a longitudinal groove. Upon it is a small bevil- 
Wieel with a feather in its boss, which by this means is 
made always to revolve with the shaft, although it can travel 
JSdywith the saddle to any part of the cross-slide. Gear* 
Dginto it is a second bevil-wheel, and attached to this is a 
itird, the horizontal axis upon which these last jointly re- 
live coinciding with that about which the front portion of 
te tool-box can be adjusted. One other bevil-wheel upon 
Jie lower end of the vertical screw establishes the connec- 
loa between this and the grooved shaft, the screw of 
twtse moving the slide equally whether it receives its own 
motion through the hand-wheel at its upper, or through the 
evil-wheel at its lower extremity. The arrangement may 
"em to be comphcated, but it appears to be the simplest 
^ich can be used for transmitting the motion between 
'o shafts, of which the axes are in different planes, and 
"lich have also a variable inclination to one another. It 
lables either a vertical or an Inclined (or ' angular ') feed to 
! given to the tool with equal facility. 
It now only remains for us to trace the motion to the 1 
afts within the cross-slide, and to observe how its amount I 
-B be regulated so as to vary the feed of the tool. And by 1 
«rely increasing the number of the parts the same a 
ent can be made to serve when two tool-holdere are 
;lached to the cross-slide, which is generally the case in the 
,rger sizes of planing machines. Two screwed shafts and 
1-0 with grooves are then placed within the cross-slide, 
ther pair being capable of being simultaneously set in j 
;tion, so that feed motions, similar both in amount and in 
irection, can be imparted to both the tools. In the 
un of the cross-slide which appears in Fig. 172, 
liplicate set of shafts may be observed, the machine to 
s attached having been provided with two tool- 
kd^!^ although — in order to avoid coraplvcatiQVi^-Hie.'«m«i !] 
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V (Fig. 170} a smaller n 



selected for the general v 

which has but one 

In the diagram, Fig. 173, is the side view of a cross-5li<ie 
with a single tool-holder, of which the various parts are in<ii- 
cated by the same letters as in the perspective view alrea.<3iy 
given (Fig. 172). The ends of the horizontal screw a-Xiff 




grooved shaft appear at m and N respectively, and it is to 
one or the other of these that it is required to impart a small 
amount of rotation (in either direction) which must be 
capable of sufficient variation to make the feed of the tool 
either heavy or light. For this purpose a small spur-wheel 
(q) is made to ride loose, upon a. s\vo"a &.-».e.4. ^■^\i®,e.,-«V\fia. 
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lidistant from the shafts m and n, to cither of which 'it 
be made to transfer any motion which it receives by 
Hmpl)' slipping a pinion over the end of the one which is lo 
be driven by it. In the diagram, the pinion is supposed to 
be represented by the dotted circle round the end of the 
screwed shaft m, so that the result of communicating motion 
lo the wheel q would be to move the toot horizontally. 
And the maraier in which the movement of the horns h h' 
efietts this is sufficiently obvious. The spindle which 
Curies the spur-wheel q, also has upon it a bell-crank lever, 
of which a pawl is attached. When this pawl is 
lumed over, so that it rests upon the teeth of Q on one side 
tfthearraor on the other, whatever rocking motion the 
serves to give an intermittent revolution in a 
ipondingdirection to the spur-wheel Q. And this rock- 
derived from the horns through a connecting- 
attached to the vertical rod k, at the foot of which is a 
id cranked lever. This lever — as well as the former 
las one of its arms slotted ; by which means the 
of motion received, in the first place by the rod k, 
secondly by the wheel q, can be readily and accurately 
led. 

tving now a tolerably clear insight into the arrangement 
[the 'various parts in such a Planing Machine as is repre- 
F^. 170, the reader who has the opportunity of 
ining for himself others of different construction will 
tlxdjly be easily able to understand their mode of action. 
' for his further assistance, and also for llie information of 
who have not that advantage, we. will here briefly 
ice one or two of the more important of the other 
lical expedients which are to be met with in tools of 
kind. 

le of these — which, although the particular machine 
in the above engraving is not provided with it, may be 
id in those of Jarger size by the same TOaVw?,— ' 

In appearance, it en.at'i^ Tfc=^\tMw.% ^s*. 



Worksliop Appliances. 



242 

ordinary rack cut in the direction of its length into two 
more equal parts, the teeth of each part being set out of 1 
with each other — as shown in the annexed cut (Fig. 1 
— to the extent of one half their pitch if the i 
be divided into two parts^to one-third if i 
three, and so on. The pinion is, of cou 
made in a similar manner — the effect of the 
rangeraent being to cause the teeth to work 
gether with all the smoothness which would 
p obtained by pitching them two or ll 
times as finely, without sacrificing the strei 
due to the coarser pitch. 'The latter, we : 
Stepped Rack mention, is frequently severely tried, on 
count of the great weight of the table and 
work carried by it in some of the larger planing machine 
But a rack is not the only method employed for corn 
ing the circular motion delivered to a machine of this 1 
into the intermittent one required for its table. An enc 
chain driven by rag-wheels has been used for the purp 
but has long been abandoned ; and in the machines mac 
the present day by Sir Joseph Whitworth and Co., the a 
end is gained — in what is considered by some engineei 
be a superior manner — by placing a powerful horizc 
screw within the bed, the direction of its revolution b 
reversed at proper intervals for giving any desired lengt 
traverse. The armngement of the reversing gear wil 
evident from Fig. 175, in which, as in that already show 
Fig. 171, the motion of the table is either backward 
forwards, according as one or other of the outside ones 
set of three pulleys is driven by the strap — that in the ce 
being, as before, an idle pulley. The screw passes throu, 
nut attached to the under side of the table, and has upo 
extremity a bevil-wheel of sufficient size to reduce the sj 
of the pulleys to that required for driving the screw. \) 
the opposite sides of this wheel two bevilied pinions 
into it, one of which Is coutietv.ei Vviv one, bi& "iut < 
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the other of the two outside pulleys, by casting c 
:y with its pinion upon a short hollow spindle, and pass- 
uirough it the shaft to which the other pinion and pulley 
jteyed ; — -their arrangement being in this respect precisely 
lar to that of the pinions and the pulleys marked a and 

Fig. 171. But it is evident that although, by merely 
ing the strap, the screw can then be drivetj alternately 
Lwards and fonvaids, its speed is the same in either case. 




s much time is occupied in the return as in the 
taid movement This Sir Joseph 'VVhitworth has turned 
ficount by the simple method of reversing the tool at the 
of each stroke, thereby enabling it to cut during the 
le time that the table is in motion without regard to the 
ction in which it is going. 
'Jt whilst we are on the subject ai Am\a%a.tA i^vetOTi^ 
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the table of planing machines, an ingenious moiiifica — ■ 
tion of the above gearing should be mentioned, 
vented by Mr, Shanks, of Johnstone, near Glasgow, and b)d 
the addition of only one bevil-wheel it provides this arrange- 
ment with a quick return motion. The additional wheels— 
which is of small diameter, is fixed within and concentric 
with the circumference of the larger wheel which appears a» 
the end of the screw in the preceding illustration. With \\n=^ 
the bevilled pinion which is in connection with the reversing 
pulley is made to gear instead of with the large wheel, int^ 
the opposite side of which the otlier pinion, which runs the 
table forwards, gears as before. The difference between the 
diameters of the inner and the outer wheel carried by the 
screw then determines the variation in the speed of the 
return and the forward stroke, no alteration in the size of the 
pinion being necessary. 

A few words will suffice to explain t!ie general principle 
of the revolving tool-holder, which was invented, as above- 
stated, by Sir Joseph Whitworth for the purpose of enabling' ; 
the tool to cut during the return as well as during the for- 
ward stroke. In front of the holder — occupying in fact the 
position of the plates w and x in Fig. 172 — is a vertical 
cylinder. At the lower end of this is a recess, in which the 
tool is placed, and in which it can be so adjusted that the 
centre of its cutting edge is exactly in a line with the axis. 
Round the axis the cylinder is driven through exactly half a, 
revolution every time the table changes its direction, spedal 
arrangements being provided for giving the desired feed on 
each of these occasions, and not at the end of the return 
stroke only, as in the machine described above. This 
mechanism, although it appears sufficiently simple when seen 
in operation, would appropriate far too much of our space if 
we were to attempt to explain it here in detail. A descrip- 
tion of the method by which the amount of the feed is 
regulated will, howevet, be to\md m Professor Goodevc's 
volume of this series (' EAemcnts ol TAednasasni; ■^. -j^ . tV* 
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ni-revolution of the cylinder, which, with the earlier 
iscfiines of this kind, was obtnined from the alternate rise 
dfeJl of astud working itt a spiral groove cut upon the 
lindricai surface, is now generally produced in preference 
? a gut band stretched over two vertical pulleys upon 
sides of the machine, which in its passage from one 
f the other takes a couple of turns round the top of the 
inder of either one or both the tool-holders upon the cross- 
But although this may be simple, in point of appear- 
e it is hardly satisfactory for a highly-finished machine- 
.1,, in which conspicuous cords and bands always seem 
■ ^'-ther out of place. Owing to the prominent position of the 
^ Vlitider, and the alacrity with which it whisks round, a 
^^t^tent revolving tool-holder ' is better known among work- 
^*^eTi as 3 ' Jack-in-the-box,' or ' Jim Crow.' 

A planing machine of either of the above kinds is not un- 
^^^equently provided with a detached tool-holder in addition 
^^D the one or two upon its cross-slide. This, when required, 
^^n be fixed to either of the side standards of the machine ; 
'^^ertical and other porrions of apiece of work which it would 
^^therwise be difficult to plane, being readily accessible to a 
—^ide-tool supported in this manner. The feed of a side-tool 
"^s generally given by hand, but in some instances this also is 
*iade self-acting by the introduction of an additional vertical' 
screw, so arranged as to be capable ofimparting to it a sliding 
motion upon the standard. In other cases again, the side- 
tool is carried by an entirely independent standard, which is 
only connected with the body of the machine by transverse 
girders placed beneath the bed, the overhanging portions of 
which carry a side table upon which this separate standard 
is temporarily bolted. With this somewhat makeshift con- 
trivance it becomes possible to operate upon the sides or 
edges of articles of which the size is too great for ihe 
machine to admit them in the ordinary way ; the clear space 
between the side standards being under other circumstances 
the limiting dimension as to width, and t\ie fi\!.ta.\\.cK.\«.v«cK». 
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the too! and the table when the cross-shde is fully raised, 
determining the height which can be admitted. But a &t 
better way of extending these limits would appear to be a 
reversal of the present system- — setting the tool in motion, 
^gether with the comparatively light mechanism required 
ifor its attachment and feed, and thus saving a large propoi- 
[tion of the power now uselessly expended in driving the 
' table. For in planing small pieces of work, this mass, which 
,is often very considerable, by requiring to be set in motion 
^d again brought to rest at every stroke of the machine, 
.consumes an altogether disproportionate amount of power ; 
whilst in the case of large articles, which are frequently only 
too ponderous in themselves, it tends still further to overtax 
the powers of the machine. 

Occasionally, indeed, this reversal is practised in a make- ! 
shift kind of way with planing machines of the ordinary 
constmction. An 'angle chuck' of large size is affixed to 
the table in the manner in which articles to be planed are 
in general secured — namely, by passing bolts into the T- 
grooves with which its surface is provided — and to the 
vertical portion of this a horizontal shde carrying a tool- 
. holder is attached. The work is laid alongside the bed of I 
the machine, and is there kept stationary ; the width i 
capable of being thus treated by the tool depending upon ■ 
the distance to which the horizontal slide can be made to 1 
overhang the bed. This overhanging position of the tool, ' 
however, necessarily tends to cause the table to leave the i 
grooves, and so to produce unsteadiness of cut. i 

But in one variety of planing machine — the Edge Plxiuig ' 
Machine, which is intended for operating on the edges of 
wrought-iron and other plates — the same system is carried 
' out in a much more perfect manner. The principle of 
this consists in providing a fixed table of sufhcient leng^ 
to admit of the longest plate which has to be treated being 
held down upon it. This can be done — even though there 
may be no available ho\es m \\\e v^Wi xXEeJi— Jo-j ^-im^ 
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jandards at the two ends of the table, and placing a girder 
tetween them containing a series of long screws, betwet-n 
be ends of which and the supporting surface the plate can 
k clipped. Parallel to the table, and running along its 
nole length, is a slide-face, upon which a long screw 
lives a carriage bearing a tool-holder, the motion of which 
■n be reversed by a simple arrangement, at any required 
nints. If the tool-holder be of the ordinary construction, 
■Breased speed is of course desirable during the backward 
■litney, and by running a crossed strap upon a pulley of 
■taller size than that by which the screw is driven, this is 
HBily obtained, as pointed out in another chapter {Chapter 
E), but with the revolving tool-holder which Sir J. Whit- 
K>rth has applied to these machines, and for which they seem 
Btbe very well adapted, no need for a quick return exists, 
l.ln this way it is easy to see that a machine could be 
nde capable of planing any lengtii of edge which is likely 
ti be required, the excessive weight of a slidmg-table of 
jlnilar length being a strong argument against their em- 
BOyment for such purposes. Ordinary planing machines, 
pwever, have sometimes great length of bed, 36 feet 
nng by no means exceptional. With a bed of this length, 
Pcut 27 feet long can be given on any piece of work 
■ which neither the height nor the width exceeds 10 feet. 
Kr Joseph Whitworth, indeed, has a machine capable of 
pdng a single cut 40 feet in length from any article not ex- 
pedite 12 feet by 12 feet. The bed of this machine is 50 
Bet long — its grooves being probably the longest true 
Hrfaces which have ever been made. By the side of such 
Itool, that represented in the engraving (Fig. 170) would of 
iOurse appear diminutive, but it is for that reason the better 
[dapted for being brought \vithin the very narrow compass 
»f ourpage. The following are the particulars of it : — Length 
V'bed, 14 feet; greatest length of cut, 8 feet ; greatest ad- 
Kssible height, 3 feet ; greatest admksiWc w^AtV, T,^e.«A. 
■For ffie purpose of admitting \Yort oi ^xe.a.X'it tjxqiva- 
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lionate width, Duplex Planing Maehines have been devised 
—two beds being fixed together side by side, each o( 
which has an independent table. These can either bo 
coupled together, so as to form a large single table, or they 
can be used separately, just as if they belonged to inde- 
pendent machines. These tools are sometimes provided 
with self-acting oiling apparatus, sufficient lubrication of the^ 
\ grooves on which the table slides being very important. In 
spite of the oil, however, the ' scored ' state of the grooves 
in almost every large planing machine testifies to the gieat 
amount of friction which still exists between the sliding 
surfaces — although this might, in our opinion, be much 
reduced by the employment of some less fluid lubricant 
But to this subject we shall have to revert in a future 
chapter. At the end of the bed in Fig. 170 a cistern may 
be observed, in which the oil is caught as it gets worked 
out of the grooves by the movement of the table, and from 
which it can be drawn otf from time to time. 

Passing now from large planing machines to small ones, 
we find other methods available for producing the motion 
of the table, which could not be applied when any con- 
siderable length of traverse is required. For this purpose 
— that is to say, for converting the rotary into rectilinear 
motion — some form of crank wiil no doubt suggest itself 
to the student of mechanics ; and small planing machines 
have been made on this principle, the table being driven, 
by means of a connecting-rod, from a pin in the face of a 
horizontal disc placed beneath it. By altering the distance 
between this pin and the centre of the disc, the throw of 
the table could be adjusted. But to this arrangement there 
are two serious objections ; in tlie first place, it causes one- 
half of the time to be wasted, through the return stroke 
being neither accelerated nor made use of, and secondly, 
there is a great variation of speed during each cut. As a 
remedy for these evils the following method has been em- 
jjloyed : — A vertical disc (b, Y\^. \'](:>\\a:im.%ss^fs.' ■ 
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* adjustable pin (a), is so supported below the table as 

pbrm an overhangingctank. The circumference of the 

c is toothed to enable it to be driven by a pinion, and 

f close proximity to its face is a slotted link (l), pivotted 

e framing at its lower, and attached to the table by a 

rt connecting rod at its upper end The effect of causing 

P disc to revolve m the direction indicated bj the arroft, 

i to dnie the table forwards powerfully, and it a 

' speed, these conditions being reversed durmg its 
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Fig. i;6.— Diagtam of Link Planing Machine. 

But for small, if not for large work, it appears to be 

serally conceded that there is an advantage in giving the 

n to the tool, rather than to the article to be treated 

It is, at least, entirely on this principle that the work 

ffierformed by the instruments which we have next to 

fcisider, namely, Shaping Machines. Although of sorae- 

iKt recent introduction, these are now amongst the most 

fill of engineers' tools, performing, as they do, an im- 

Jnse variety of minor operations, which were formerly 

"cted by hand-chipping and filing in a much less rapid 

Vless satfsfeclory manner. Fig. 177 le-^TeaenXs. qwl tjK 
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^e machines, as made by Messrs, Sharp, Stewart, & Ca, 

Jtich may be taken as a good representative of a class, 

pongst the individual merabers of which even more than 

e usual amount of variation may be found. 

The duties of these machines are twofold ; one of them 

bg to render flat such surfaces of moderate size as from 

': position, or from other causes, could not be con- 

piientiy treated in a planing machine ; the other, to work 

f- any curved faces of which the radius (for the line of 

cvature must form part of the circumference of a circle) 

s not exceed a certain fixed limit 

I And in connection with the first of these we may mention 

md it should perhaps have been pointed out before— 

i with planing machines in which the motion of the table 

iieversed by shifting the strap, the reversal does not take 

: with the exactness which is in some cases desirable, 

|.for instance, in planing surfaces of which the ends are 

dose proximity to raised portions of the work — although 

ire is always a balance -weight, so arranged as to prevent 

fe strap from resting upon the idle pulley, and this tends 

p hasten the operation. This circumstance alone fre- 

jently gives the advantage to a shaping machine, in which 

S length of stroke allowed to the tool can be adjusted 

h the greatest nicety, 

^n the machine shown on the opposite page, the bed bears 

\ its upper surface a sliding-head, capable of traversing 

[entire length. Upon the front of it — in addition to an arbor 

Jhe centre, with which we will not for the moment concer* 

feelves — there are two adjustable tables, for supporting 

k and for bringing it within range of the tool. The 

fl-holder in which this is fixed is carried by the head at 

b- forward <nd of its large and powerful cross-slide, and 

■tiie sliding portion a reciprocating motion can be given 

¥ means of the link arrangement above described (Fig. 

^). In this case, however, the disc is attached to the 

% and Che pinion is free to ttave\ W\t\v AXo ^w^ ■^■a.-o.'A. 
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I a horizontal back-shaft, upon the extremity o( which h the i 
f conical driving-pulley. Ky altering the distance between | 
the pin (a, Fig. 176) and the centre of the disc, different \ 
lengths of throw can be given, and by means of the kip J 
hexagon nut which appears at the top of the slide — whidi I 
forms the point of attachment of the connecting-rod belong J 
ing to the link— the position of the tool with respect to ft* | 
front of the bed can be adjusted. With these arrangemenR I 
then, it is possible to plane up any flat surface which « 
be brought within reach of the tool, provided only that it* 1 
width and its length do not exceed the maximtim sirote ' 
of the cross-slide and the extreme traverse of the hejrf 
respectively. And for this work the machine is made setf^ 
acting by merely giving an intermittent feed — derived from 
the back-shaft at the further end of the bed — to the screw 
by which motion is given to the head. 

For producing curved surfaces, the work is attached to 
the central arbor, by being dipped between two cones in 
the manner shown in the engraving, or by any other con- 
venient means. The cap of a piston-rod is there represented 
in position for having the curved portions of the eye planed 
up concentrically with the hole which runs through it ; 
these — since they do not form a complete circle — being in- 
capable of being turned in the lathe. Resting upon both 
the tables is a short girder, with an adjustment at its centre 
for supporting the extremity of the arbor — this, as well as 
the arbor itself, being easily removable when required. The 
curvature is produced by giving the feed-motion to the 
arbor, instead of to the head, the radius of the cur\-e being 
ruled by the distance from its centre at which the tool is 
set in the first instance. The greatest diameter of work 
which can be thus operated upon by this machine is u 
inches, the maximum length of stroke — which equally 
regulates the width of surface which can be planed, whether 
/( be flat or curved— being 1 j mches. The greatest length 
o/ffat surface which it caTHr.ea,l\5 ^ feet i. "to^V. 
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■he construction of the tool-box upon ihe cr 

fcbe obvious to the reader who has followed the descrip- 

pof that shown in Fig. 172, the chief point of difference 

ireen them being that in this case a tangent screw taking 

El the segment of a worm-wheel is substituted for the 

1 hole and bolt by which inclination can be given to 

■ tooi inan ordinaryplaningmachine. The object of these 

tS enable concave surfaces also to be planed, the work 

! kept at rest, and die feed given to the tool by means 

■a handle placed upon either end of the tangent screw. 

e stroke of the tool is not, however, by any means 
lays produced in the manner mentioned above. In the 
le of small machines with a maximum stroke of not more 




I six inches, the additional complexity of the gearingT 

iiited for giving increased speed during the return more 

O outweighs its advantages ; but, with the exception of 

^e, the generality of them will be found to be worked 

r &e following ingenious arrangement, which was in- 

1 by Sir J. Whitworth for providing them with a 

Upon a convenient part of the head is placed 

ir-wheel (s, Fig. 178) capable of revolving freely upon 

1 overhanging shaft of lai^e diameter. Through this 

—but not concentric with it — runs a spindle, having 

aits extremity a crank-piece (p), which it keeps in contact 

B the face of the wheel. Thus suppotXeA, fta.c)n-«o\i.4.\ic. 

I to levolve independently of vhe oVhet— \ive,^\is.^-'i^''i 



2S4 Worhliop A^H^^T. 

its fixed shaft, and the crank-piece round the axis of iis 
spindle — but their revolutions would be eccenlric to one an- 
other. But by slotting the crank-piece and fixing a pin in ihe 
face of the wheel, they are compelled to revolve together; 
the velocity of the crank — if that of the wheel be uniform- 
varying constantly, as the pin which drives it and the spindle 
which carries it, approach and recede from each other. A. 
dovetailed groove in the face of the crank-piece, at at^' 
part of which the end of the connecting rod (k) can beseti* 
provides the requisite adjustment for the length of the stroke- 
Shaping machines are not unfrequently furnished with t*or^^ 
heads as well as two tables, or an arbor and one table. Ead^ 
part can then be used separately, and becomes to all intents 
and purposes a distinct tool, the bed alone being cominDn 
to the two. A vertical face with T-grooves in it is some- 
times a useful addition to the table. i 
The tools used in planing and in shaping machines resemble 
one another so closely, that we have purposely deferred the; 
few lines we have to devote to the former till the tatter could ■ 
also be included. In planing metal, as already mentionect 
the general truth of the surface produced depends upon the 
accurate guidance of the work and of the tool, and It9t] 
upon the form of the edge by which the individual cuts aitti. 
made. This being so, a pointed, or but slight!y-rounded^ 
tool is almost always employed, the preference being givKti 
to these — as in metal turning— on account of their coni- 
bining great strength of form with facility in cutting. Ai 
series of grooves is the result, of which the curvature of the.; 
extremity of the tool and the amount of feed determine the 
depth and the distance apart, the slight ridges between them 
being immaterial for many purposes. But when general 
flatness has been obtained in this manner, greater smooth- ■ 
ness can be easily given to a surface, when required, by | 
going over it a second time with a broad-edged tool whichj 
removes the ridges. Mr. W. F. Smith, of Manchester, ba^i 
^own that greatly inCTeaseA sta'io'inica* tok^ \w. (J^^naeoKd^, 
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Irst instance by using a tool with a loose cutter of 
iBection instead of the ordinary pointed tool The 
f (Fig 179) shows the effect of eadi the vertical 




fie. ire,'--I)iagniii I 

les indicating the amouDt of feed^ — nine cuts to the 
each case A drawing of one of these cutters with 
a has been given (in Fig 151) amongst the tools for 
metal, its form being well adapted for the treatment 
jr wrought iron, either in the lathe or the planing 

[ 

I resemblance may also be noticed between the 
tools in Fig, 150, 

te ordinarily used abed 

Iking and shaping 
« given below (Fig. 
[)f these the first, 
a, is the usual tool 
Bing,its point being 
rounded off, as ap- 
the preceding dia- 
For smoothing, a 
einbling this, but 

A broad straight Fic iSc-PIaninB and Shapbig Tooli. 

tead of a point is 

id. Of the others, d is for under-cutting, and b and 
kinds of parting tool which axe Mseitat i&'iKiME, 
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through cuts of as small width as possible, so that their edges 
are kept as narrow as is consistent with their own safety. In 
shaping machines, right and left side-tools, similar to the 
turning-tools of the same name, are also sometimes em- 
])loyed. The cutting edge should be made in a line widi 
the back of the shank, see a b Fig, 180, so that the too! maV 
spring over rather than dig into the work. 

One other machine-tool requires to be briefly notice^^ 
before we conclude the present chapter, — namely, til- 
Slotting Machine. Although in principle it differs but littlt 
from a shaping machine — the slide which gives motion to tht 
tool being merely placed vertically instead of in a horizonial^ 
position, much practical difference will be found to exist 
between them. Neither in their proportions, indeed, nor in 
general appearance do these two classes of instruments 
possess much in common, those which we have just quitted 
being some of the lightest, whereas many of these are 
amongst the heaviest of ordinary workshop cutting- tools. 
To the much more arduous nature of their duties this (act 
bears lestimony^ — that their driving apparatus is almost in- 
variably either double- or treble- geared, the latter being by 
no means uncommon. 

The slotting or vertical shaping machine represented in 
Fig. 181, has gearing of the former kind, its framing and the 
table below its slide for the support of the work having 
much resemblance to those of a drilling machine. Its 
capabilities are therefore estimated in a very similar 
manner, the maximum stroke of the slide, and [he space 
between the point of the tool and the nearest vertical 
portion of the framing, ruling respectively the length of cut 
and the distance from the edge of the work at which it can 
be made. In the present instance, the greatest possible 
length of stroke is 13 inches, and the largest diameter of 
work in any part of which a cut can be given, is 4 feet 
6 inches — half of this (2 feet 3 inches) being therefore the 
distance between the looY ai\d iVie feamui^. 
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ivy description. Ready adjustability of the 1 
'Ac sliding-bar and of the length of its stroke is then 
essential, whilst a quick return is as desirable is 
the other cases of single-acting toob which we have b 
examining. Let us see what provision is made t 
these several wants, and also to impart to the table the re- ■ 
quisite feed-motion, for it is evident that the tonstniction All 
the present case does not admit of this being given to the lOoL I 

At the back of the vertical slide is a disc (d) having ill I 
its face a radial groove, in any part of which, by means of 
an adjusting-screw, a projecting stud can be set Upon died 
amount of the eccentricity of this stud the length of the SHQ 
of the machine depends, its motion being transmitted b; 
connecting-rod (c). This, however, is not attached tc 
fixed portion of the sliding-bar, but to a pin which can b 
moved upwards or downwards — also by means of an adjust- 
ing-screw^in a long slotted hole in the upper part of iL The 1 
hand-wheel at the end of this adjusting-screw appears in 
the engraving at the upper extremity of the sliding-baT. 
which can thus be readily raised or lowered. 

But how, it may be asked, can the speed be rendered 
faster in the upward than in the downward stroke on th'^ 
system, for if the revolution of the disc be uniform, t^*^ 
sliding-bar must occupy equal spaces of time in its asceP' 
and descent? We answer that, in the machine shown in tt*^ 
engraving, the disc is not driven at a uniform speed. ■*" 
receives its motion through the wheels marked e e'. ^^ 
these being elliptical instead of circular so vary its veloc* '5^ 
that the speed which it imparts to the sliding-bar is slow 3^*, | 
comparatively uniform, whilst the tool is cutting, and 
greatly increased rapidity during the return stroke. «--e I 

We have now only to examine the construction of *^^ 
table and the arrangement by which its movements £*' j. 
made self-acting. In doing this we shall derive much ass*^^^^ 
ance from the subjoined figure (182), which shows in outli^"^- 
the opposite side of a seH-a.cl\na\ati\e ol 3.s\t)\.'ij\^TO.-iK!cOT.ft '•^^^^ 



' Sii/^acting Tabic of Slotting-Mackine. 



259 



5, Faitbaim, Kennedy, Naylor & Co., which is of some-" 
t larger size than that in the general view given above. 
tie table is capable of receiving three separate horizontal 
ats ; a slide being so arranged that it can approach 
; from the standard, a cross-slide providing for its 
levelling in a direction at right angles to this, and a pivot at 
"^ c:enlre enabling it to revolve about its axis. The two 
sud^s— which together form what iS termed a 'compound 
""•i^ ' — are worked by screws in the ordinary way, and the 
'^'*1« is turned by a worm taking into a worm-wheel immedi- 
"^l^/ below it Ratchet wheels with double pawls are placed 
'P*^^ii the ends of the ttfo screws, and upon the shaft which 




Fic, iflz,— Seir-aclinB Gc 

^*~*nes the worm, so that any one of these can be made 

^^=eive an intermittent feed-motion in either direction by 

^*-~ving a reciprocating movement to the arms to which the 

^^wls are attached. This movement they constantly receive 

^■^m, the shaft s, which is driven backwards and forwards 

^-Virough a portion of a revolution by the vertical rod r 

'Whenever the machine is in motion, r, in turn, derives its 

'>tiotion from a cam-groove on some convenient part of the 

driving-shaft of the tool-slide, its upper end being attached 

to a slotted link, by which the amount of its rise and fall — 

and consequently of the feed of the labVe — CMi^ie, xti^ji2Si4&- 

In Fig. tSi a portion of the cam-groo\e C3.ti\>e ?.e,^^ csv "Cofe 
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face of the wheel e'. The manner in which the molion /■^ 
imparted by the shaft s to the ratchet wheel U is sufficient!)' 
evident, and the expedient by which one of a pair of bcvil- 
wheels can be made to slide to any part of its shaft whilst 
still sharing its rotation — which is here employed for giviig 
a rocking motion to the lever t from the shaft s — must now 
be too familiar to the reader to need further description. In 
addition to these motions the tables of slotting machines 
are occasionally provided with apparatus for enabhng other 
curves to be cut. Provision is also sometimes made for 
tilting the table instead of having its surface always hori- 
zontal. 

With respect to the tools for these machines, it is evident 
that some modification of the forais employed for planing 
and shaping is required to meet the altered conditions under 
which they are used ; one main point 
of difference being in the direction of 
the thrust upon them, which is almost 
always parallel or nearly parallel to the 
shank instead of at right angles to it. 
Further it is frequently necessary for a 
slotting tool to be able to work in a 
very limited space; for instance, in 
cutting a key-bed in the boss of a wheel 
or in commencing a cut from any drilled 
hole. For such purpjses a Parting-tool 
resembling that shown on the left-hand 
side in Fig. 1S3 must be employed, but 
in most other cases the form of tool on | 
the right is more convenient This is 
called a Round-edge, a Diamond-point, 
or a Keyway-tool according to the 
shape of its cutting edge, the edge of the parting-tool being 
also rounded when occasion requires it. Where, however, 
there is practically no \itnk to tVie s'^-j.c.e occupied by the 
tool, its position is occaavoiiaV 
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placed at the bottom of the tool-slide instead of in front of 
it. The last of the three tools in Fig. 183 is intended to 
"be used in this manner, and is called a Jiig/U-angk or 
Mook-tool. 

We have now noticed the more important of the ordinary 
miachine-tools which are to be met with in mechanical work- 
shops — such of them at least as perform their operations by 
■what we have throughout considered to be true cutting 
—and our sketch, although a mere outline, must 
; be brought to an end. It must not, indeed, be ima- 
ined that those which have been selected for our engrav- 
s are the only forms which are given to these tools, nor 
ren that they are necessarily in every respect tbe best ; but 
ince full descriptions of the peculiarities of construction 
inployed by different makers or for special kinds of work 
uld not be attempted, we have preferred for the most part 
B confine our attention to a single good and recent example 
n each case. In this manner we had been in hopes of being 
able to include various other machine cutting- too Is, which 
rnay be regarded rather as the luxuries than as the necessaries 
^3f a workshop, but which are, nevertheless, of considerable 
interest. Our rapidly diminishing space must, however, be 
•devoted to other subjects — a circumstance we much regret, 
since it will entail the exclusion of the band and other sawing 
lachines which are now used with such wonderful effect 
ran cold metal, the screwing and shaping machines for 
s and nuts, together with various others. 

connection with machine cutting-tools one subject 

t not be passed over — namely, the means adopted for 

intaining in an efficient state the cutting edges by which 

is actually performed. This, when once the appro- 

e form and hardness have been given by forging and 

mpering — concerning the latter of which we have had 

lething tosay in a previous chapter (Chap. III.) — resolves 

self merely into judiciously applying that most important 

ct, iJie grindstone, 'Show me ■£&« ^vn&svireia.,-Mi&.\. 
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II tell you the character of the work which can be tiimed 
I out in the shop,' was the forcible remark of one of our most 
■■eniinent engine-builders ; and if tlie mention of this should 
I be the means of calling attention to the great advanU^e 
I which would in many cases result from irainrovement in its 

■ condition, good service will have been done. For with a 
I bad or an ill-used grindstone, tools cannot be properly ground, 
fcand with irregularly ground tools uniformly good work is out 

■ of the question. 

First with respect to the method of hanging a grindstone, 
Jwhich for a machine shop is generally from z to 5 feet in 




I diameter, and from 4 to 8 inches in thickness. The 
I system, undoubtedly, is that shown in Fig. 184, in which 
I the stone is firmly clipped between two circular cast-iron 
Jrplates upon the spindle. Between each of them and the 
■ side of the stone a thin piece of soft wood 'packing' is 
L placed, which accommodates itself to any slight irregularities 
I of the surface and gives the plates a firmer grasp. The 
; runs in two plummer-blocks fixed on the sides of the 
n water trough, one end of ii bem^ "piavided with an 
■jiiaATy Ikst and loose puUey. T\\e Xiou^'n a\=o ta-mos. M^ 




pEut no sooner does the grindstone lose its circular fonn 
than the rest becomes worse than useless; and this is always 
liable to happen, either from caie\e?,5 Uea-'raxttiXiOt ftsw.-^ 
xiae part being softened by long sta.'n.fivn^ to ■&*. ■««*»- 
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jThis evil can only be remedied, and indeed, its increase can 
lioniy be prevented, by turning ihe face of the stone. 

But even when the condition of the grindstone is perfectly 

l-eatisfactory, the correctness of the angles which the facets of 

k cutting edge ground upon it form with each other and with 

me shank of the tool, depends entirely upon the skill of the 

', although of course he may, and in general he 

Biould, have the assistance of a gauge or template. But 

pther with this or without it, very great advantages will 

most always be found to accnie from the adoption of the 

feystem of Machine Grinding introduced not long since by 

"Sir Joseph Whitworth. Fig. 185 shows one form of his 

M apparatus for the purpose, which is in fact an applica- 

■tion of the slide principle to the grinding of tools. Instead 

; fixed rest mentioned above, the end of the trough 

i made to carry a slide-rest, of which the cross-slide is 

1 by a screw in the ordinary way, and the lower 

Eilide by a rack and pinion. By working the handle at- 

pched to the pinion, the Cool (when its extremity is being 

md) can be easily kept in motion, so that al! scoring and 

Irooving of the face of the stone are prevented. The 

■iequired angle can be given with unfailing certainty by a 

giingle adjustment of the rest, the entire body of whidi is 

1 to the trough for this purpose. Perfect uniformity 

angles of any number of tools can thus be obtained, 

tnd they can be ground not only more rapidly, but in a 

pery superior manner. Moreover, all unequal wear of the 

; prevented, so that the process of turning it up 

fceed never be resorted to. The speed at which the face of 

the stone is driven is about 830 feet per minute. 
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CHAPTER IX. 

ON PUNCHING AND SHEARING MACHINERY. 

1 former chapter, when discussing the peculiarities 
e of the hand tools ordinarily used for metal, we men- 
ed that certain kinds perform their duties by a species 
' tearing, rather than a true cutting action. These are 
y knoivn as ' punches ' and ' shears,' and the principle 
ion which they act is by no means confined to tools used 
on of it into the province of machine- 
|ols providing us with the means of producing some of the 
bst startling results which are to be seen in mechanical 
forkshops. Thus shears, of which the small representatives 
1 by hand can only with great difficulty cut through 
,ron fth of an inch in thickness, will, when fixed in 
puitabJe machine, pass in a very small fraction of a minute 
s much as an inch and a half of solid plate, or 
U snip off a 6-inch bar of nearly double that thickness in 
Rfiimilar space of time, with, to all appearance, the greatest 
s imaginable. 

k these Punches — which equally perform feats in their 
tt line which, but a few years since, were beyond the 
t aspirations of the millwright— are, more often than 
fot, combined in one and the same machine, — so that, in- 
tently of the closely analogous manner in which they 
will iDe advisable, even if not absolutely necessary, to 
lescribe Punching and Shearing Machines together. 

mbered that tefore we quitted the subject 
if hand-punching, one or two instruments were mentioned 
which, although worked by hand, were capable of perfo- 
rating plates of considerable thickness. Such are the 
'punching bear ' and other portable toitfts ol a.Tj^wa.'ros.-, 
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which, by the use of simple mechanical expedients, ena 
these results to be obtained by the continued applicat 
of so small a force as that which can be exerted by 
human arm. In addition to these, there are also ot 
machines of various degrees of simplicity and porlabil 




which, since their effects depend solely upon long-contini 
or accumulated hand-power, might perhaps have been m 
properly included in a former chapter. Foremost am( 
them stand those wh\d\ aTC -aoA •-4 b-j "tvjfeaMVvQ. -^jtess 
"le almost perfect lncomftess\\5\UtY il -NM.fc\ t" 
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^eans of concentrating a succession of small efforts in j 
e perfect manner than can be done by any mechanical J 
fcipedient with which we are acquainted Fig i86 repre- ] 
scnts a H} iiauUc Bear constructed b> Messrs Tangve, j 
Bniihers ivith which holes of as much ^ i^ inch in \ 
Almeter can be punched in wrought iron i inch in thick- 1 
Hess by the power ot onlj one man Its fonn ml! be seen ] 
to bear a general resemblance to that of the screw punching 1 
bear (Fig 8i) mth the exception of the legs with which | 
Ills IS provided which are not -m essential part of it, and 1 
Kn be easilv detached when necessarj Into the action 
'f the hydraulit press of which this js merely a modifi- 
ation we cinnot here enter 
■illy but the general construe 
lOn of this tool will be easily 
Oderstood from Fig rS; In 
Us which IS a \ertical section 
irough It A IS a cistern contain 
Ig a suppli of water c is the 
lunger of the force pump d 
Hd B the lever by which it is 
orked e is the inlet vahe bv 
hich water enters the pump 
hen the plunger is raised an 
utIetvaKe at the foot of this 
llowing It to pass into the cjhn 
er F on the desient of the 
lunger In this ejhnderis the 
im, H which has a cupped 
'ather packing, at its upper and the punch at its tower end. J 
IS a lever for raising the ram, and so withdrawing the punch J 
:om the hole which has been made by it. The studentj 
ill be aware that (friction neglected) the pressure exertedij 
y the ram exceeds that applied to the plunger, inversely in« 
iie proportion which the area of the latter bears to that of j 
lie former. 
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Besides the punching bear given in Fig, iS6, other fonns 
of hydraulic punth, both portable and stationary, are to be 
met with. When an ' open mouth ' is unnecessary, as in 
punching the webs of rails, &c., a more advantageous dit 
position of the metal of the framing in the neighbourhood 
of the punch becomes possible, the vertical portion beii^ 
made in two parts, and the rail or bar which i 




punched being passed between them. This arrangemet 
is known as the ' close mouth,' and is that with which til 
Hydraulic Shears, Fig. t88, are provided. The action ( 
this tool being in all its main points similar to that of ti 
punching bear just described, will not require special a 
planation. The lever for raising the ram is omitted in tE 
figure, its position, when in use, being on the spindle i 
During this operation, t\ie sciew \mtftfc&a.\^ "wiw 4 
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^^Bnp-Iever is slackened, a stop-valve In connection with it 
^^Bai allowing the water in the cylinder to pass back into 
^^R cistern. 

^B£ut the operation of punching may be performed in a 
HKuch more rapid manner by means of a Fly Press, which, 
^■3t first sight, might be thought actually to give off more 
r power than had been applied to it — a result which every 
student of mechanics knows to be an absolute impossibility. 
One of these instruments may be occasionally seen, mounted 
on a ' trolly,' by the side of our lines of railway, with which 
two men are able to punch a hole nearly an inch in 
diameter through the ' web ' of a rail, perhaps three-quarters 
of an inch in thickness. The explanation of its action lies 
in its power of accumulating the force applied to it, which, 
although in itself it may be small, is continued for a 
sufficient time to produce these apparently disproportionate 
results. The fly — which generally consists of two ponder- 
ous balls of metal at the extremities of the lever of the 
press — is gradually brought from a state of rest to one of 
rapid motion by continued effort on the part of the work- 
men — the maintenance of its speed being assisted by its 
descent due to the revolution of the screw. But, inasmuch 
as il parts with the whole of its momentum almost instan- 
taneously on the punch coming into contact with the rail, 
the results are proportionate to the force and the length 
of time expended in bringing the fly to its full speed, and 
not to the duration of its performance. But here we are 
trenching upon ground which lies more properly within the 
province of another forthcoming volume of this series.' 

In stamping coins, and some other processes which are 
rather beyond our limits, fly presses of much greater size 
and power are employed, the recoil— when the motion is 
quite suddenly airesled, as it frequently is in such cases 
— being sufficient to raise the screw to its original position. 
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Passing now to the stationary forms of punching and 
shearing machines, which belong more properly to our sub- 
ject, since in some form or other they are to be found in. 
every mechanical workshop ; one which is ahnost, if not 
absolutely, the simplest, is that of which an outline diagiaja 
is given in Fig. i8g. Although one of the earliest, it po»- 
sesses certain advantages over the somewhat neater axraagfir 
ments presently to be noticed, which have caused it t^ 
be generally preferred by boiler makers and others,, ijlgr 
whom an efficient punching machine is an essential. \}^ 




construction wilt be easily understood from the engraving. 
The punch is attached to the lower end of a guide-bar, 
which is connected with the shorter arm of a powerfiil 
lever, so as to rise and fall with it. The longer arm of this 
lever — which carries a roller at its extremity — rests upon 
the edge of a slowly revolving cam — its mciion being 
derived from the fly-wheel shaft by means of a spur-whed 
and small pinion. It will thus be seen that the revolution 
o! the cam, and, consequently, the morion of the levfiTt 
cannot be arrested -without also \iTmgLn% -ive %,'j--sit«i*. sb 



tS] 



Lever Punching Machine. 



27C" 



rest. Its momentum is therefore available for overcoming \ 
any resistance which the punch may encounter. After | 
each descent the punch is raised by the mere weight of the \ 
longer ami of the lever. The following advanKiges accrue I 
from regulating the motions of the punch by a cam, instead J 
of by an eccentric, as in the machines described below. ! 
In the first place, it follows that the descent of the punch 1 
can be made perfectly uniform ; andly, that its return can I 
Jje accelerated to any required extent ; and, 3rdly, that by I 
causing it to remain perfectly stationary between the end 1 
of 'one stroke and the commencement of the next — fori 
which it is merely necessary for a portion of the gam to be J 
made concentric — ample time can be given for the workman^ 
to place the plate correctly. 

We have already called attention to the hollow c 
iron frames which are now generally to be met with ia I 
machine-tools. In the case of punching machines they I 
are required to be of unusual strength to resist the severe I 
strain due to the passage of the punch through the plate. I 
This is secured by forming at the working end of the I 
frame a powerful fixed jaw, to the upper part of which the J 
lever is centred, the bolster or die being placed upon the .1 
lower part. The distance between the inside of this j; 
and the centre of the punch is an important factor in t 
termming the useful qualities of these machines, since it.l 
limits the distance from the edge of a plate at which any 1 
hole can be punched by them. But every increase in this [ 
distance requires that much more than an equal increment J 
of strength be given to the jaw. 

Above the lever, at a short distance from its fulcrum, al 
pair of knives may be observed in Fig. 189, an addition I 
which enables this machine to be used also for shearing I 
when required. Their position, however, is by no means a | 
convenient one, the most advantageous height for them 1 
being that occupied in this instance by the punch and die. 
Some machines of this kind, indeeA, att Tti^jit fet ^wsaiw% 
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w, in which case knives are substituted for the punch 
B die, the upper one being worked by the lever and cam 
■the manner shown in the diagram ; and it niusl be con- 
Ecd that the arguments in favour of this method of driving 
Kas forcible for shearing as for punching. 
K combined punching and shearing machine, made by 
Bests. Collier of Manchester, is shown in outhne in Fig. 
ft, which, whilst it possesses much of the compactness of 
fteaiance of those on the eccentric system next to be 
Rcribed, retains the advantages of the cams and levers 
ftady mentioned. The shears are placed on the same level 
■the punch, but at the opposite extremity of the machine, 
Khat the framing has in this case a jaw at eacli end, the 
B independent levers by which they are worked being 
■bin the hollow of the framing. The cams by which 
■tion is given to the levers are fixed upon the spindle of 
fcrge-sized spur-wheel (shown by dotted lines in the en- 
Kving), which is driven by a small pinion on the fly-wheel 
nt ; and since the greatest radius of the one cam is on 
K same side of the shaft as the smallest radius of the 
■er, each lever is raised alternately. By this arrangement 
fcecomes impossible to put an undue strain upon the 
Khine by attempting to use it for both punching and 
nrmg at the same moment. It may be observed tlial 
Itte are several points of difference between the cam and 
Iver of the single-ended machine and those of the com- 
jBedmachine which we are now discussing. In the tiresent 
Hance the cams do not act upon the extremities of tlie 
ber arms of the levers— which they could not do without 
Sfiidetable addition to the total length of the machine, 
fcsequently the power obtained is proportionately reduced, 
Kough in many cases the much greater economy of space 
Bch results from making both ends of the machine avail- 
■fc may more than compensate for the loss of it. For 
^ft»te of all that may be said in favour of the single-Jever 
Hfaines it cannot be denied vVwit ti\e^ TO'S^Q'^itSviK. -k^ 
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Jq Fig. 191, vbicii represents a partial E«:tion of fl 
intnching end of one of these combiiied macbines, E« 
further points of difference mar be ooiked — amoi^flihe 
the transference of the friciion roller from the loi^umj 
tlie lever E 10 the portion b of the cam c, ax vhidi H 
greatest pressure is exerted, and the insertion of the aoat' 




Fig. m.. -Section of Punching End of Double-Lever Machine. 

short nrm into a recess in the slide which carries the pund>i 
instead of their connection being established by sepat** 
links. One great advantage of this is the facility which it 
affords for throwing the punch out of gear, in the mann* 
CKptaincd bolow. To ensure the weight of the lever being 
competent lo withdraw the punch and to raise the slide, it* 
length is made much more than sufficient to reach the ca^ 
nt the centre of the machine. One other portion of du* 
tool demands a few words ot e\?\an3.x\oTv,va,,*vf^vi-rfifes» 
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JHiich appears in Fig, 190, extending downwards from the 
lentie at an angle of 45°. Near its lower extremity an L- 
jhaped opening may be noticed. In this is a pair of shears 
Badapled for cutting bars of angle iron, the upper knife being 
■ driven by an eccentric at the end of the shaft whicli carries 
I fee spur-wheel and cams. But that this method of driving 
is inferior will be shown in connection with the punching 
r Md shearing machine, which we have next to describe. For 
cutiing other sections of rolled iron various other forms of 
I linife are employed. 

is a general view of a combined Punching and 
Shiaring Machine, by Messrs. Sharp, Stewart and Co., in 
which both the shears and the punch are worked by eccen- 
frics ; the compact form which can be given to the framing 
^ machines of this kind contrasting very favourably with 
•hose of the lever punches and shears which we have been 
oiscussing. Within the hollow framing is a strong hori- 
zontal shaft, upon which is fixed the large and powerful 
^pur-wheel which appears in the centre of the figure. At 
'"C extremities of this shaft are eccentrics connected with 
'•le upper knife of the shears and the punch respectively, 
one of them always rising during the descent of the other. 
. ^he manner in which the vertical movement of the slides 
'* which the punch and the knife are attached, is obtained 
"Orn these eccentrics is slightly dissimilar, owing to the 
•^flTerence in their respective requirements. The shear- 
•'^ade is attached to the pin of the eccentric by means of 
^ link (the upper joint of which can be seen in t 
8*"^ving), so that it rises and falls at every revolut 
^^ shaft, and can never be disconnected from it. In the 
'^^Se of shears, indeed, this is never required, although for 
^ punch it is a great desideratum. A slight modification 
*■* the punching end of the machine enables the connection 
*^ be instantly broken and as quickly re-established. The 
link is not perforated at both ends, as before, but the lower 
**Jd is made to drive the punch by simpV^f -^^es^TO^ iss^rei- j 



Workshop Appliances. 



f. d upon a f o e ng portion at the centre of the slide 
li h h only con es into contact when its lower e 
em ty s en al \ handle at the end of the machin— 
enables he 1 nk o be turned aside so as to miss the j 




Ijection during its descent, so that the punch remains at the 
top of Its traverse — a weighted lever, working on the centre 
which appears in the figure above the jaw, continually retain- 
tag it in that position when rt \s iistoTrntt^fti %c(ni \Wi link. 
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Plever punch, however, admits of still more simple means 
&ing employed Tor this purpose. The opening in the slide, 
f^to which the nose of the lever is inserted, is made o£ 
^**fficient length to admit not only the lever, but also a loose 
t>iece, or ' block,' which can be slipped in below the lever 
^*Trough an opening in the framing. This block appears 
"*^*i both the outline elevation (Fig. 190) and the section 
VTig. 191). On the punch in its descent coming into con- 
tact with the work, the block, when in position, transmits 
"the downward pressure of the lever to ihe slide, whence it 
■passes to the pimch. When, however, the block is with- 
drawn, the slide merely falls by its own weight, the punch 
descending and resting upon the work till it is again raised 
by the lever. 

But two other points remain to be noticed in Fig. igz, 
although they must not be supposed to be peculiar to this 
class of machine. One of these is the vertical plane of the 
shear-knives, which is not at right angles, but gready 
inclined to the sides of the framing, and to the axis of the 
eccentric shaft. This is done with the object of enabling 
them to operate upon bars or plates of any length, provided 
only that they are of small width. If placed square with 
ihe framing, the depth of the jaw would of course limit the 
distance from the end or edge of a plate at which the shears 
could operate, as already pointed out with reference to punch- 
ing. The other point is, that the fit of the slides — on the 
freedom and steadiness of whose motion so much depends 
— can be adjusted by means of setting-up screws, five of 
which appear in the engraving at each end of the machine. 
Some single-ended machines are also constructed on the 
eccentric principle, a single slide being then made to do 
double duty, having the punch attached to its lower, and 
the bottom shear-knife to its upper end. For workshops 
in which economy of space is a greater object than con- 
venience of position for the shears, this arrangement is not 
easily improved upon — the eccentric having, as i\as, ■j.lte.'ad.'j 
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been pointed out, iindeniabk advantages in enabling the 
length of the framing to be reduced. 'Where, however, 
there is sufficient space to adrait of the use of lever 
machines, it is not a little surprising that those driven by 

.eccentrics should so frequently be found. Briefly, the re- 
quirements of a punching and, to some extent also, of a 
shearing machine, are that the motion of the punch or 
knife shall be slow and uniform whilst cutting, quick during 
its return, and that the interval of rest shall bear as large 
a proportion as possible to the time occupied by the stroke. 
These, as we have already stated, are well fulfilled by a 
properly- shaped cam and lever, whereas the eccentric gives 
us variable and similar motions during both the upward 
and the downward stroke, and commences its return imme- 
diately on arriving at the end of its traverse. The last, 
indeed, is a much more weighty objection to this ; 
tion of the eccentric than might at first be supposed, since 
the accuracy of the position of holes punched in the ordi- 
nary manner (which are merely set out with a template by 
a kind of stencilling process) depends solely upon the plate 
being correctly placed by the workman, and the shorter the 
interval at his disposal for the purpose, the greater is the 

■risk of error. The superiority of well-constructed lever 
machines in this respect may be gathered from the fact that 
on this system it has been found possible to keep the punch 
absolutely at rest during one-half of each revolution of the 
cam, thereby enabling the number of strokes in a given time 
to be made one-third greater than would be attainable in 
an eccentric machine, without curtailing the interval ft» 
placing the work. 

To obtain more perfect correspondence between the 
holes in any two or more plates than is possible when the 
marks which denote their position are brought separately 
under the punch by hand, Mr. Maudslay many years ^o 
introduced a system of Mnltipk-Punching. The machines 

fOT this purpose, some ot wh\ti\ \\a\t leTO'iwie.i. "-c 
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e present time, bore a general resemblance to Fig. igo, 
e required motion, however, being imparted to the lever 
\ a pair of toothed elliptical wheels, one of which occu- 
i the position of the cam, and the other that of the 
A series of punches were arranged in line at the 
Wer end of the vertical slide, excessive strain upon the 
diine being prevented by making them of different 
pgths, so that they acted in succession, instead of at the 
menL A self-acting 'dividing table,' by which 
e plate was moved through the correct distance after each 
roke of the machine, enabled gready increased accuracy 
■'pitch' (or distance from centre to centre) to be given 
k any series of holes. Single punching machines with 
^-acting tables are now made by Messrs. Fairbaim and 
n., and by other makers, and they appear to have much 
I recommend them. Other machines, with still greater 

^abilities and of correspondingly greater complication, 

'' have been devised, in some of which several rows of holes 
of equal pitch can be punched simultaneously j in others — 
or at least in one, the 'Jacquard Machine,' invented by 
Messrs. Roberts of Manchester — any arbitrary arrangement 
of holes can be produced. But these — chiefly on account 
of their excessive cost — are rarely to be met with, and 
therefore do not demand special notice here. 

Recently, indeed, the tendency has been to diminish 
rather than to extend the application of punching machines, 
and to substitute drilled holes in many cases where they 
would formerly have been punched. As yet, liowever, 
even multiple drilling has not been put on a par with 
punching in respect of speed — from 8 to 10 holes per 
minute being capable of being punched singly even with 
machines of the largest description, and as many as 15 
being possible with those of more moderate size, which 
more than equals the performance of the mulriple-driU, 
already noticed. 
Bat it must be remembered that we \ia.\t 'Ochqm^qm.v 'Cs& 
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present chapter been speaking only of the machines used 

by makers of boilers and iron structures for pundting 

wrought-iron plates, bars, &c., which form but one branch 

of a very wide subject. Into its other ramifications our 

I subject does not carry us, although some of them possess 

I great mechanical interest— as, for example, the process of 

' perforating zinc, &c., with Lariviere's machine, by wMch 

\ three rows of perforations, containing some hundreds (tf 

L holes, are made simultaneously. For almost all purposes, 

I indeed, for which it is necessary at a single operation to 

make holes which are otherwise than circular, recourse nausC 

be had to punches and dies, with which those of the most 

mpjex forms can be produced with nearly as much 

facility as can simple circles, ovals, or squares. To tbk, 

however,, we have seen that the process of slot-drilling for^s ■ 

a notable exception. 

The fact of the metal removed by a punch and die being 
in one solid piece or ' burr,' instead of being frittered away 
in shavings, is also turned to useful account in numberless 
manufacturing processes — ' blanks ' for coins, buttons, per- 
cussion caps, steel pens, the wheels and other portions of 
cheap clocks, and an endless variety of small metal objects 
of daily occurrence being made in this way. For some 
purposes, indeed, articles of much larger size are reduced 
10 their proper shape in this manner. The axle-guards for 
railway carriages are a case in point, which, although they i 
measure some 2 feet in height and exceed a foot in width, ' 
are cut at a single stroke from iron plates f of an inch thick 
by a species of punching or shearing machine — for in such 
cases it becomes difficult to say under which head it should 
be included. But such processes are not usually in 
much favour in mechanical workshops. Srill less are ^ose 
in which a single hollowed cutting-punch is used,. Instead 
of the- solid one with a corresponding die, which is the 
l_ form employed in all the machines which we have been 
describing. The others, \t\deeA, ate tVi^A-j \is«.i. Iw «jH 
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JBterials ; but a modification of 1 n h h wo orre 

[bnding punches, with strong cu ng edges a e fo bl 
wen from opposite sides nto a shee o h n pla e of 
tal, has been of late years g n ng g o nd n he manu 
Lire of small articles, though e a e no awa e ha t has 
It extended into the practice of the engineer. 
JBefore quitting the subject of punching machinery, one 
■ two points in connection with the aforesaid dies and 
Inches should be briefly noticed, inasmuch as the quality 
[the work performed by any punching machine is in the 
^est degree dependent upon the form and proportions 
e punch and die. The use of the latter was explained 
& former chapter (Chap. III.), and its general appearance 
s of adju.sting it, so as to ensure its being in 
every instance concentric with the punch, will probably 
have been observed in the preceding engravings, although 
the attention of the reader has not before been directly 
called to it. In the hydraulic bear, for instance, a cast- 
steel ring forms the die (or 'bolster' as it is not unfre- 
quently called in the case of the smaller punching instru- 
ments), and it is kept concentric with the punch by being 
turned on the outside, so as to fit into a recess in the cast- 
iron jaw. But in the lai^er machines it is found more 
convenient to widen out the base of the die, and merely 
to let it rest upon the flat surface of the jaw, its position 
being regulated by three or four screws working in fixed 
lugs, or by some other simple adjustment Some makera 
■ transfer this adjustment to a separate bolster, into the 
upper part of which a small die is fitted, an arrangement 
which does not necessitate so great an expenditure of steel. 
But, whatever may be the external form of the die, a central 
perforation extends completely through it in all cases, and 
it is upon the internal proportions of this that its efficiency 
depends. The upper part of the aperture is cylindrical ; 
the lower being tapered, as the accompanYing section. <iC 
, ^a.die and bolster (Fig. 193) shows. TVe yMsSi^S^ 'joi'Cy'sa. 
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1 then be sharpened by grinding its upper surface, as the 
angles become rounded by use, without altering the size of 
[ the hole, whilst the tapered continuation of the hole allows 
l' the burr which is punched out to fall freely through by its 
own weight — an opening being cast in the jaw just below 
the die, so tLat it drops out altogether clear of the machine. 
For the actual size of the cylindrical portion as compaied 
with that of the punch, we can, however, give no definite 
rule, for whereas the evils more or less incidental to Bll 
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punched holes — namely, their form being conical instead 
of cylindrical, and their sides ragged instead of smooth — 
become greater with every proportionate increase in the 
size of the die, there appears, on the other hand, to be no 
valid reason against reducing the clearance to the lowest 
possible limit consistent ivith the free passage of the punch, 
nor for doubting that the effect would be a corresponding 
reduction in these evils. Ordinarily the diameter of the 
aperture in the die is made to exceed by one-sixteenth part 
the diameter of the punch ■, but, -whevi \i Is tec\uired to 
, ^ve a. more conical foicn to tbeVvo\es ^iQiac.c&, "icis «^ 
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^ce is increased. But in liie generality of holes for rivets, 
nnd for most ordinary purposes, the conical form is a very 
neat disadvantage, although cases do occur in which it is 
Brven beneficial — as, for instance, in the attachment of two 
Klates only by means of rivets, when tlie hole in each 
uate have been punched outwards, each hole being in this 
Bay roughly countersunk. Another objection to punched" 
■pies is the rounding of their upper edges, which takes 
Blace on account of the compression of the iron before the 
Kunch begins to tear apart its fibres. This is especially 
Die case with thick plates, and for this, even if for no other 
geason, they are much less fit subjects for punching than 
■hose which are tliin. It is possible, however, that if the 
Kpeed of the punch could be very largely increased, great 
Improvement in this respect and also in the general smooth- 
Bess of the holes might be the result With respect to the 
fetinch itself^of which the practice is to use it only upon 
Klates of which the thickness does not exceed its own 
Biameter — the very slightly tapered form, shown in Fig. 193, 
Bs almost universally given, in order to diminish its friction 
■gainst the sides of the hole. Inclining its face slightly 
Kat from 3° to 5°), instead of making it horizontal, is by no 
beans so prevalent a practice, though it has the advantage 
Rf bringing the pressure more gradually upon the machine 
pban is the case when the work is commenced at all parts 
Kf tiie circumference at the same moment. That the in- 
tensity of this pressure is very considerable, even in punch- 
big holes of moderate size, m y b g h d from the fact 
Bat it is found to be very Ij q 1 to the tensile 

ferength of a bar, the area f h s section is the 

feme as the area of the side f h h 1 Thus, in punch- 
feg a hole I inch in diamet h gh ought-iron plate 

tinch in thickness, the pre q d was slightly more 

nan 77 tons, which divided by 3'i4 (the area of the sides 
E-ftehole)=24'6 tons per square inch, which corresponds 
fc^cJ^seij' with the ultimate tensile sue'n^'ii ci'i- n^t.cim.'^a. 
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iron of average quality. Jn some experiments by Mr. HicV 
of Bolton, this rule was found approximately to hold good, ' 
even when the diameter of the punch was increased to 
8 inches, and the thickness of the plate to 3^ inches, the 
pressure then required being 2,000 tons ; and that it apptes 
as well to shearing as to punching, provided that the edges 
of the knives are parallel, is also borne out by the facts 
I given by Mr. Anderson in a recently published volume of 
I 'this series.' 

In spite of its tapered form, a punch shows much re- 
luctance to quit the hole it has made in any plate or bar, 
preferring to lift it during its own ascent, unless the weight 
be excessive. This tendency is resisted by affixing to the 
upper part of the jaw a ' guard ' or ' puUer-ofT,' of which the 
lower face is at least as low as the face of the punch when 
it is in its highest position. This puller-off is generally of 
wrought iton, although a portion of the cast-iron framing 
is occasionally made to serve the purpose ; but, in either 
case, it must be of sufficient strength to perform the office 
Irom which it derives its name. Its position can be seen 
1 in each of the machines of which engravings have been 
I given. 

I With regard to the knives of shearing machines, no very 

I general rule seems to obtain — at least as far as the angle 

I at which each knife is sharpened is concerned. In most' 

L instances the lower knife is ground to the same angle as the 

1< upper ; but in others its edge is made square, that of the 

upper one being slightly acute. The actual angle which. 

I gives the best results varies with the hardness of the 

material, 75" being about the minimum in the case of 

wrought iron and steel. Much greater uniformity of practice 

exists in the angle at which one edge of a pair of shear 

knives is inclined to the other, by which they are made to 

d Slrncluris, by Jolm Anderson, 
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instead of a sudden strain iipon the 
^chine. This angle is generally from 3° to 8", according 
■■the length of the blades, the whole of the obliquity being 
■ten to the upper knife, whetiier the construction of the 
fcchine demands that the motion should be imparted to 
Bt or to the lower one, of which the edge is horizontal. 
n lower knife thus forms a guide for the plate which is 

■ be cut ; for, by letting it rest fairly upon the edge, the 
ferkman is enabled without difficulty to keep it level in 
le direction of the cut. To assist him in also keeping it 
■proximately level in the opposite direction, an adjustable 
pger, attached to the upper part of the framing, has been 
Bplied. It may be seen on the left-hand side of the 
fechine represented iu Fig. 190. With this it becomes 
■possible for the plate to be suddenly tilted up when the 
■essure comes upon it, or for the workman to raise its 
Kter extremity to such an extent as to cause it to become 
pnmed between the knives instead of being cut, from 
Rich breakage of the knives and damage to the machme 
fccasionally result, and of which there is always some 
linger if the contact between the edges of the knives be 
■perfect 

I'For shearing the edges of boiler and other plates with 
teater speed and precision than is possible with the pre- 
pding machines, in which long cuts can only be produced 

■ combining a number of short ones— placing the plate 
■fficiendy correctly to ensure each one of the series forming 
vox of the same straight line being no easy task — special 
Bachines have been constructed. In these the length of 
Ke knives is made to exceed or at least to equal the length 
Kthe plate, which amounts in some instances to 10 feet and 
fcwards. With these machines a single cut can be taken 
Rini the whole length of the plate, and in point of straight- 
i^ it is of course far superior to any producible in those 
■eviously mentioned, in which iS or 20 inches is the 
iMamum length of the knives. The 0\ivei \i 
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sions of the shearing and punching machines above figured 
are as follows : — 

The hydraulic- bear (Fig. i86) is capable of punching a 
hole ij inch in diameter through a i-inch plate, provided 
[ that its centre is not more than i^ inch from the edge. 
With the hydraulic shears, bars of any length up to either 
2 inches square, or 4 inches wide by \ of an inch thick, 
can be cut. 

The lever machine (Fig. 189) is adapted for pmichiDg< 
holes I inch in diameter through |-inch plate at, any 




distance not exceeding 18^ inches from the edge, and 
, for shearing |-inch plates up to 17I inches from the edge. 
Fig. 190, the double-iever machine, may be used for 

punching i^inch holes in ^inch plate, and for shearing 

plates 4 inch in thickness^the greatest practicable distance 

from the edge being 12 inches in each case. 

The eccentric machine (Fig. 192) may be used for either 
^ punching or shearing plates 1;^ '"'^l^ ^^^ thickness at a, 

distance oi 18 inches from their edges, provided that the 
fiunch does not exceed \\ mdi va fta-tatteT, 
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One other kind of shearing machine should be mentioned, 
although it is not often to be found in engineers' work- 
shops. We allude to the Circular Shears, invented by 
Mr. Roberts of Manchester, of which Fig. 194 is an ex- 
ample. The knives are made from circular discs of steel — 
as shown in the left-hand comer of the figure — and being 
driven in opposite directions, they can be used for straight 
cuts of unlimited length, and also for curved work — which 
frequently gives them the advantage over ordinary shears. 
In the manufacture of mbes, and for other purposes for 
which long lengths of sheet metal are required, they are 
very largely used, and they are also occasionally made for 
cutting plates up to as much as an inch in thickness. 
Where large quantities of sheet metal have to be cut into 
strips, a number of these revolving shears are mounted on 
one pair of spindles, so that a sheet in being passed between 
them is cut up at a single operation, the distance between 
the adjacent pairs of cutters regulating the width of the 
strips. 



CHAPTER X. 



OuH tonr round the workshop must now be brought 
end. It has been but a hasty one — too hasty indeed for 
even to become thoroughly acquainted with the cutting-tool: 
which belong to the Fitting-shop, although it is to these that 
We have been obliged chiefly to confine our attention. But 
in taking leave of them there not unnaturally arises the ques- 
tion. Whence comes the power which enables them to perform 
their arduous duties, and how is it conveyed to them and 
kept under control ? These points we will endeavour to 
clear up 35 brieHy as possible. 



i 
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Riotion. And with respect to the distribution of the power 1 
ihroughout the workshop, and rendering it available for driv- 
ing each individual machine, we have only to jioint to the 
long lines of shafting over our heads, together with the 
countershafts, pulleys, and belts which are there suspended 
in bewildering confusion. These constitute the greater and 
lesser arteries of the system, and the instant the life-giving 
atreaHQ ceases to flow through them the whole of the 
members are left powerless. 

Our few remaining pages shall therefore be devoted to 
examining these somewhat in detail ; but it must not be 
imagined that no other method is employed for transporting 
to the required points the power obtained from the forces of 
Nature, any more than that the combustion of coal, &c., is the 
only one of these forces which can be made available. Had 
we but the opportunity of extending our observations to 
the arrangements of the Smitji's Shop, and Foundry, we 
might indeed find instances in which we could speak of the 
' stream ' of power in a much more literal sense. The 
steam hammer — that tractable giant for which we are so 
grcatiy indebted to Mr. James Nasmyth— would furnish us 
with a case in point, the steam which works it being con- 
ducted in pipes directiy from the boiler to an engine which 
fonns part of the machine itself. Hydraulic cranes, again, 
arc worked by an actual stream of water brought under 
great pressure from an ' accumulator,' and this system, very 
largely applied by Sir William Armstrong, appeara to have a 
great future before it. But with neither of these can we now 
concern ourselves. 

Some insight into the ordinary method of — as it were — 
laying on the power by the shafting, &c,, just mentioned, 
may be gained from the diagram, Fig. 195, upon die oppo- 
site page. These represent in plan and in section a small 
portion only of a large workshop, in which it has to be trans- 
mitted from the engine e to the lathe l, the grindstone g, 
SiC The Urst step is to set up a main lint of sliajti,>i^,^,^ 
U 
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any convenient position where the wall of the building, or 
the columns which support the roof {which are marked ce, 
in the present diagram) offer facilities for supporting it at 
suitable intervals. The strength of the shafting must, of 
course, be in proportion to the strains to which it will be 
subjected— and on this point the reader will do well to cw 
suit another volume of this series ' — these being due, not 
only to the torsional stress caused by the transinissiooof 
the power, but also to the transverse pressure brought upon 
it by the bdting, by which it receives its motion from the 
engine, and hands it on to the tools, either directiy, or through 
the intervention of countershafts, of which we shall have 
more to say presently. 

Where the length of the workshop is great — and it is 



Fig. iiiB.— Boi Couplioe {iCi- 

generally desirable that it should be— the main shaft cannot 
be conveniently made in a single piece. Fig. 196 shows the 
best and simplest form of coupling — known as the hex 
ceupling— by which a series of comparatively short pieces of 
shafting can be connected together in such cases. The box 
or ring fits freely over the two ends, andisseciu-ed by a taper 
steel key driven tightly into a bed formed partly in the shaft- 
ing and partly in the box. It will be seen that this arrange- 
ment enables any one length to be readily removed, if 
required, without disturbing its neighbours. For a joint of 
this kind to be efficient the coupling should always be placed 
near a bearing, as shown in the foregoing plan. 

Occasionally, however, it is necessary to carry a line of 

' TieStrrngth of MaLriah and Siructam, \q >>»y NxAjawiUvtlt 
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afting across some open space — as, for in- 
mce, from a fitting-shop to a foundry — where 
E cannot conveniently be provided with inter- 
iate support, so that the shaft must be made 
Eone continuous length. In such cases much 
nitional strength may be given to it by the 
1 ol trussing, shown in Fig. 197, a series 
ptie rods being so arranged that each in turn 
^thrown into tension as it is brought to the 
fcest point by the revolution ofthe shaft 
\\n the case of horizontal shafts (and the 
trussed .shaft shown 
in the figure, as well 
as all the others 
which we shall have 
to speak of here, are 
horizontal), the bear- 
ing portions upon 
which they revolve 
are commonly called 
journals. These in 
general — when at 
least the shafting is 
' bright ' or turned 
throughout — do not 
Fin Tos.— Journals. differ from other por- 

tions of it either in 
diameter or in truth of surface. When, however, 
the main portion of a shaft is left rough or 'black,' 
the turning down which is necessary at the tear- 
ing reduces the diameter of the journal, as 
shown at a, Fig. 198. The effect of this — when 
at least the length of the reduced portion does 
not exceed the width of the bearing which sup- 
ports it — is to prevent any endlong motion ou 
ihe part of the shaft, which of couise. \s not ic- 
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\ long length of shafting some slight mo- 
tion in this direction naust be possible, since the expansion 
or contractioti which takes place with every variation in 
the temperature would cause undue pressure against one 
shoulder or the other at the points of support. It is, 
therefore, necessary to allow some liberty at all except one 
of these points, the travel at this one being prevented in 
the case of bright shafting by collars, either simply shrunk 
on as at b, or — which is much better — foiled out of the 





Fici.i99.-Bracket{A). 

^ substance of the shaft itself, and turned with the ini 

' angles rounded, as at c. The form which this 
quenlly assumes when it occurs at the end of a line of shaft- 
ing will be found in Fig. zo+, one of the collars in this case 

I being extended in length to form a boss, upon which either 

, a drum or toothed wheel may be keyed. 

Our shafting is now coupled up, and at its extremity or at 

[ some one point in its length it is provided with a journal 
resembling one or other of those just mentioned. We have 

■ now to support it either from lUe cast-ucm columns, or the 
aiiafthe workshop,Qi,petViaps,kom'LW\Ka.ms,^A*afB«S„ 
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En either of the two former cases we make use of a casl- 
bon bracket, such as Fig. 199, varying its form according to 
fancy, or to suit any special case. For giving a firm footing 
Id this, our column should have upon it a projecting snug (s), 
Bn the upper surface of which a wedge (w) enables us to ad- 
nst its height with accuracy. Two bolts only, which pass 
iompietely through the column, are then required for holding 
jhe bracket perfectly firm, chipping fillds (f, f, f) running 
KTOSS the back of it, providing us with a ready means of 
Itting it to the irregularities of the cast-iron surface. In a 
knailar manner a bracket can be attached to a wall, a piece 
pf hard wood packing being then fitted to the much greater 
faequalities of the brickwork, and the bolts which are passed 
fcrough it having large cast-iron discs or wall washers under 
tteir heads for the purpose of distributing the pressure. 
[ In our engravings of the countershafts. Figs. 306 and 207, 
pill be fonnd examples of a pendent bracket^ for the support 
If a shaft from an overhead beam, and of a wall bracket. 
I In its course, however, a main line of shafting not unfre- 
Ipently encounters a wall running in a different direction to 
^ own, as at w, in the plan at the commencement of the 
bresent chapter. For supporting it under these conditions 
fte arrangement known as a Wall Box is required. This— 
Which is little more than a rectangular cast-iron frame of 
BUilable depdi — is secured by being built into the wall, as 
Siiown in the illustration on the opposite page, (Fig. 200). 
L The shaft, however, does not rest directly upon any part 
m either the wall-box or the bracket In each case a 
Whmnier Block is provided for its reception, of which the 
pbjeci, when used either for the shafting of a workshop or 
for any of the verv numerous other revolving shafts for which 
it is employed, is, first, to diminish as much as possible the 
^ction between the moving surfaces : secondly, to transfer 
ihe wear from the journal to the more easily renewable 
.* brasses' in which it runs; and thirdly, to afford the means 
^adjusting these as the wear takes p\a.te. VwYy'j,. TQ\,'a. 
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from and also a side view of a plummer block is rqiresented, 
together with a portion of a •mall plate upon which it may be 
conveniently fixed. With the exception of the upper and 
lower brasses b and e' and the four bolts (two of which may 
be dispensed with by the arrangement shown in Fig. 199), 
the whole of the plummer block is of cast iron, its lateral 
adjustment being provided for by keys driven in between 
the extremities of its base and the snugs upon the wall 
plates. Similarly the height can be varied by increasing or 




reducing the thickness of wood packing below it. As the 
brasses become worn ihey can also be adjusted, the lower 

e by introducing thin ' liners ' of tin plate, the upper by 
bringing down upon it the cast-iron cap ; their inclination to 
revolve with the shafting being resisted by giving an octa- 
gonal form to the opening in the plummer block, or by other 
ivenient means. It must not, however, be supposed that 
the ' brasses ' are necessarily made of brass : gun-metal is a 
better and much more usual material for them ; and ihe 
friction may be stiU further reduced by lining them with 
Babbitts or some similar ' white metal,' which is very largely 
employed for en^ne bearings and for other work of a more 
highly-finished character than that with which we are now 
dealing. 

But the ease ivith which rt\e jou-maX^ ol aL^na.li.\feNtJwt' 
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Jeir bearings depends as much upon the quality and suf- 
■iency of the lubricating material with which they are 
Tfplied, as upon the metal of which each is composed; and 

S brings us to a subject of such importance in connection 
1 machinery of every kind, that we shall be amply- 
ranted in digressing for a moment to consider it 

;s to the lubricants themselves, with respect to which 
It may be accepted as an axiom, that the fluidity should be 
less or more in proportion as the pressure between the 
surfaces to which they are to be applied is heavy or light 
For their effect appears to be to prevent any pair of surfaces 
from coming into actual contact, by interposing between 
them a thin film of their own substance. But whenever the 
lubricant is too thin or the pressure too heavy, this film is 
pressed out, and some portions at least of the surfaces are 
brought into contact, adhesion and consequent ' cutting ' or 
' scoring ' of the surfaces being the inevitable result. The 
fact of the adhesion of clean polished surfaces is well known ; 
. — two pieces of plate glass, for instance, when once they 
have been brought into absolute contact by pressing out the 
film of air between them, being not only incapable of sliding 
upon one another but even of being forced asunder j and 
a pair of accurately made external and internal cylindrical 
gauges furnishing a similar instance. When these are of 
equal diameter the external will not pass through the internal 
gauge, if both be perfecdy clean and dry, and, if pressed into 
it, cohesion sometimes takes place between their surfaces, 
and no available amount of force will separate them. But a 
single drop of fine oil, placed either upon the external or the 
internal gauge, enables the former to pass easily and smoothly, 
the force of the capUlary attraction apparently compressing 
the steel to a sufficient extent to enable the minute film of 
oil to insinuate itself everywhere between the surfaces. 

The effect of adding a drop of oil to a pair of gauges, of 
which the external is of slightly smaller diameter than the 
iatcTBol one, may also be mendoned, as, a.\i)cvoM^a.'i. fea. ^'^■<. 
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paradoxical, it proves the necessity of lubrication under op- 
posite conditions. With a (lifferenc2 between ihem of only one 
io,oooth of an inch, tliese, when dry, pass each other so 
loosely as to appear not to fit at all. But a drop of fine oil, 
applied as before, causes them to fit together with moderate 
tightness, and by using a thicker oil they would undoubtedly 
appear to fit ra ore tightly still 

Besides bei.ig of proper consistency, however, it is im- 
portant that lubricating oil should not be readily liable to 
change on exposure to the air. For the following list, tn 
which the principal oils which are adapted for the general 
purposes of engineering workshops are placed in order of 
merit, we are indebted to Sir William A. Rose, of Upper 
Thames Street :— 

1. Sperm oil, — The best which can be used for general machinery, 
more especinUy when accurately fitted and running at a high speed or 
under a light pressure. It is lo be regretted that its grealer cost fre- 
quently causes inferior oils 10 be siilisti tilted for it. 

2. Trotter oil— For genera! machinery. 

3. Rape oii. — For heavy machinery. Not to be recommeiideJ for 
high speeds or light pressures. 

4. 'Jonrtial oil." 
■ J. Lard oil. —A tolerably good snbstitute for sperm oil for Xl^X 
machinery. 

6. Neatsfoot oil, — Mixed with tallow this may advantageoQsljr be 
employed for lubricating steam pistons and other moderately-heated 
machinery. 

7. Olive oil. 

8. Palm oil. — A compound of this with animal fats is used for raU- 
^^ way aides under the name of Palm railway grease, 

^H 9. Seal oil ; also Whale oil. 

^|, Next, as to the best methods of applying the oil ; a 

^B problem by no means easy of solution in the case which we 

^1 have been considering — namely, that of a line of shafting 

^L running in a series of bearings which are often in somewhat 

^B inaccessible positions. Some kind of apparatus, capable of 

^K delivering a small and constant supply, therefore becomes 
^^^^SSenUai, so as to guard a,s mu.c\\ &.a -^osaMei ^igiMiSs. fea. 
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r being uselessly expended in heating tin; bearings — ■ 
JMch ij the certain result of allowing the supply of lubri- 
pX to fail. A simple but not very effective plan is to cast 
> at the top of each plummer block, a small oil-hole 
ining from the bottom of this througji the cap and the 
,s to the journal. Such a cup appears in Fig. zoi. 
it is placed a piece of sponge, which readily sucks up the 
i poured into the cup, and delivers it up again but slowly 
rough the oil-hole, 
.s an improvement upon this, the Syp/im Lubricator was 
roduced, in which the opening of the oil-hole is no longer 
\ the bottom of the cup, but is brought almost or altogether 
> a level with the top of it, by fixing into the aperture 
^hort piece of tube, or otherwise. An ordinary cotton wick, 
of which one end is passed down the tube and oil-hole, and 
the otJier hangs over into the cup, then 
draws the oil over slowly and continu- 
ously, and delivers it into the bearing. 
For marine engines, and other machinery 
in which the motion is continuous for 
long periods, this method answers ad- 
mirably ; but for shafting, &c, which is 
running only for a portion of each day, 
the waste of oil during the idle hours is 
a great objection. 

A much more ingenious arrangeraenl 
is that known as Lieuvain's Needle Lu- 
iriea/er, one foTrn of which is represented ^'LLbncato^ciV" 
in Fig. 202. The oil is placed in a strong 
glass bottle, the neck of which is then stopped with a wooden 
plug. Through this plug passes the ' needle ' — a piece ot 
iron wire — fitting very loosely into the hole in the plug, 
which is bushed with brass. The orifice of the oil-hole in 
ihe bearing being enlarged to admit the outer end of the 
plug, the entire lubricator is then turned over into the post- 
don sbows2 in the present engraving, aud 3\sii "m. 'Oks.v »A '^Sw- 
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bracket and plummer block (Fig. 199}. The needle at 
once drops down upon the journal, the rotation of whidi 
imparts lo it a slight but continual vibration, which causes 
the oil to creep slowly down into the bearing as long as the 
motion continues, but slops the supply directly it is brought 
10 rest A brass box with a glass ' skylight ' is sometimes 
substituted for the bottle, but for shop shafting the latter is 
preferable, as the quantity of oil contained in it can be more 
readily perceived. 

Returning now to the general question of the distribution 
of the power, let us examine the arrangement for drawing off 
from the main stream the successive portions of it required 
for serving the various tools in its neighbourhood. For 




many of them it suffices to place opposite to them upon the 
main shaft a Driving Drum, such as that shown above, in 
the left-hand portion of Fig. 303. A leather belt, run, 
round the periphery of this and round a similar drum upon 
the machine which is to be driven, enables the power to be 
dehvered with but trifling loss at any point within about 
30 feet of the line of shafting. In the plan, Fig. 195, the 
grindstone g is driven in this way — 'direct' as it is called— 
thus receiving from the main shafting whatever power it may 
require, just as that in turn obtained it from the crank-shaft 
of the engine. The reader \s tiqw \qo taroiVW vdth the 
system of ' keying' to be £oi:a,mome.'ft\.a,\.a.\(isa\i.'3i-*iNa«Sa^ 
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die drum securely to the shaft : we will, therefore, only 
mention, in connection with the first of the two represented 
in the accompanying diagram, Fig. 203, that in order to 
diminish the risk of fi-acture in casting, to which the edges of 
such thin castings are liable, the arms are frequently curved, 
as indicated by the dotted lines, instead of being msde 
radial. The other dnira shown in the figure is known as a 
S^lit drum, and it possesses this advantage, that it can be 
attached at any point in a long line of shafting without 
necessitating its removal By so proportioning the size of 
the aperture through the boss that the act of bolting together 
the two halves of the drum causes it to clip the shaft suffi- 
ciently firmly, the key may often be dispensed with. The 
sUghtiy convex form of the face which appears in the section 
might perhaps be thought to be ill adapted for preventing a 
belt from nmning off at the edges. For reasons which will be 
found" elsewhere in this series,' it is found, however, to be 
better than any other, and it is the form almost invariably 
given to a ' single ' drum, or one upon which one belt only 
is to run without change of position. The width of a drum 
of this kind should be about one-fourth greater than that of 
its belt- 
When the duties of a belt and drum are e\ceptionally 
heavy, as in driving a long line of shafting, or when it is 
necessary to affix to it a toothed wheel for the same purpose, 
it is advisable to enlarge the shaft at the point of attach- 
ment, and tti have recourse to keying in the ordinary way, 
as show4 at a. Fig. 204. If requisite, other unsplit drums 
can still be introduced upon the shaft, the method of 
' staking' shown at b enabling them to be secured concen- 
trically, although their bosses must of course have been bored 
out to a considerably larger size in order to pass over the 
enlargement. 
For the belting, by which the last stage of the connection 



"goo Workshop Appliances. icmp, 

between ihe prime mover and the several machine-tools is 
established, various materials — such as canvas and india- 
rubber, gutta percha, Manilla and other vegetable fibres — 
have been employed ; but for this purpose it may be safely 
asserted that there is nothing like good leather, to which, 
therefore, we will confine ourselves. 

The size of a leather belt must of course depend Upon 
the amount of power which has to be transmitted by it, or 
rather by its ' leading side,' for one half of it only — namely, 
that which is moving towards the driving-shaft — is in action 
at once, and it is along this only, and not along the 'follow- 
ing side,' that the power is, as it were, flowing. The greatest 
tension (or pull) which can be brought upon this side by the 




action of the macliine, together with that upon the following 
side due to the stretching of the belt over the drums, 
ftimishes us with a guide as to the sectional area of leather 
required in each case ; 40 lbs. per inch in width for each 
eighth of an inch in thickness being about the greatest siraio 
at which it may be worked with safety. But as the thickness 
must depend upon that of the hides from which the belting 
is cut, and this varies only from about ^th to ^th of an inch, 
it becomes little more than a question of what width is to be 
employed, and whether the belt shall be single or double. 
Examples of the joints used in building up both of these 
kindsj, from any requisite number of short strips, are 
in the diagram (Fig, 205), for the strips, being < 
canuot, of course, exceed tVie\en^t\v<jl\:t\e'v;\ieNi\\\<ii 
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Another kind — 'ridged belting'— is also there 
sented, the object of the ridges being to prevent undue 
etching of the edges, a defect to which wide single belts 
I liable. 

(Ve have now the means of conveying the requisite power 
\ our machine -tools, and as far as the speed and the 
1 at which they are driven are concerned, we can 
■ the first within considerable limits by making the 
ving-drum upon the shafting larger than that upon the 
^chine (or vice versd), and the second by either crossing 
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It not crossing the belt in its passage from one to the other. 
With the simple addition of a 'loose' or ' idle ' pulley, to 
enable the tool to be brought to a stand without stopping 
the main shafting or throwing off the strap, this indeed is 
sufficient in the case of many machines, as, for instance, 
those for punching and shearing ; but when it is required 
either to have the means of readily adjusting the speed 
or changing the direction, an intermediate or counter-shaft 
becomes necessary. An example of one of these in its 
simplest form — ready adjustment oS foe s^ee:^. otii.'^ \isasi'4,""i* 



302 Workshop Appliances. [Chmv. 

object — will be found in the drilling machine represented in 
Fig. i6r, where it is attached to the Sower part of the fram- 
ing. They are however more usually placed overhead, as in 
the case of the lathe in Fig. 195, since belts cannot be worked 
with advantage when the distance between two shafis is 
very small. But when once we are provided with a counteiv 
shaft, then, by merely increasing the width of its loose pulley 
(l), and introducirg another one, (l'), in the manner shown in 
the annexed diagram (Fig. zq6)— a second drum, or one of 
greaterwidth being also placed upon the main shaft — we are 
enabled to drive it at will, either in the same or the reverse 
direction. For by passing over the loose pulleys two 
separate belts, one of which is crossed and the other not 
crossed, they are made to revolve constantly in opposite 




directions, and although neither of these is capable of 
imparting motion to the countershaft, it can be instantly 
thrtwn into action by transferring one or other of the belts 
to the narrow fast pulley between them. With tliis object 
each belt is made to pass through a ' fork ' just before it 
reaches its pulley, and these being attached to a slidii^ 
bar, which by sufficiently obvious means can be moved 
either to one side or the other, enable the countershaft — 
and with it the lathe or other instrument driven by it — to 
be set in motion either backwards or forwards, or to be 
brought to rest by the mere movement of a handle. 

A slight further alteration renders the speed unequal in 
the two directions, and gives to the countershaft the means 
of providing a screw-cutting \aV\ic, ot a.n'j n&w \ndL, ■w\'Co 
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a ' quick return.' The pulleys which give the backward or 
return motion are then made of much smaller diameter 
than the others, as in Fig. 207, whilst the size of the drum 
on the shafting from which the crossed belt passes to them 
is correspondingly increased. In the diagram the two fast 
pulleys are marked f and f', one of each size being now 
required, and the loose pulleys are indicated by the letters 
L and l'. Whether each of these is made in two parts, as 
in the figure, or in one, as shown in Fig. 206, is only a 
question of convenience in manufacture. 

The determination of tlie relative diameters of the drums 
and pulleys which will be required for driving any particular 
machine presents no difficulty, provided we know, in the 
first place, the speed at which the main shafting revolves, 
and secondly, that which it is most advantageous to impart 




^fhe tool or the work. Their actual sizes are limited, on 
e hand by the circumstance that when the driving 
is very large its weight becomes objectionable, and 
pthe other, that when a pulley is very small, its surface is 
fficient to prevent the belt from slipping, unless, at 
^t, the speed be very high, or the power transmitted by 
" e inconsiderable. 

The former of these — namely, the speed of the shafting — 
~i3 assumed by engineers' too! makers to be 100 revolutions in 
a minute, and the driving apparatus ordinarily supplied with 
any machine-tool is therefore so proportioned as to give such 
an increase or reduction of this speed as shall be suitable for 
the xvork to be performed by it. Cone pulleys, to which 
attention has been already caWed ot\ TOOte 'Cni'^. c 
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sion, are also introduced whenever it is necessary to have 
the power of varying the rate of speed, and that this is 
necessary in the case of such instruments as the lathe ivill 
be easily imagined. For not only does the variable diameter 
of the work produce great differences in the length of it 
upon which the tool is made to act in any given space oC 
time, but the different degrees of hardness of the materials 
which have to be treated make it exceedingly desirable to 
have the means of varying the motion accordingly. The 
following are the approximate speeds, expressed in lineal 
feet per minute, at which metal work generally is most 
advantageously turned or planed ;— Steel, iz ft ; cast iron, 
18 ft. ; brass, 20 ft. ; wrought iron, 24 ft. Dividing these 
by the number of feet in the circumference of any piece of 
work which is to be turned, we of course obtaio the nimiber 
of revolutions at which it is desirable that the mandril should 
be driven. With wood the surface speed per minute may 
be sometimes as high as 2,000 feet (and even 3,000 feet per 
minute when the tool instead of the work receives the 
motion), and it is probable that those given above for metal 
might be much increased but for the great heat produced, 
which endangers the temper of the tool. 

In order to assist in carrJ^ng off the heat, and also to 
reduce the friction between the face of tlie tool and die 
newly-cut shaving, copious lubrication is always desirable 
in working steel or wrought iron in the lathe or planing- 
machine, although for cast iron and brass, of which the 
shavings break up instead of curling, the same necessity 
does not exist, and these are treated in a dry slate. The 
ordinary lubricant in such cases is a mixture of soap and 
water, or a weak solution of common (carbonate of) soda 
may be used, since this likewise restrains the rusting action 
of the water. But coarse kinds of oil, such as whale and 
seal oil, or mineral oils from petroleum, &c., are preferred 
for some purposes, — amongst which may be mentioned screw 
catting by means of taps and dvea. 
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Returning for 3 few moments to the plan in Fig. 195, it 
should be noticed that the main shafting does not always 
ma in a single straight line throughout the workshop, nor 
even in two or mote parallel lines, although this last is by 
no means an uncommon arrangement. At the top of the 
figure is a cross-shaft, at right angles to the main shaft (s), 
from which the motion has to be imparted to it As there 
shown, this is done by means of a pair of bevil wheels (b), 
but when a small amount of power only is to be transferred 
from one shaft to another running in a different direction, a 
leather belt may be employed, in the manner explained in 
Professor Goodeve's work.' For this, however, there must 
be considerable difference of level between the shafts. 

It is generally desirable to have the power of disconnect- 
ing some portion of a line of shafting in a more rapid 
manner than by taking 
off a coupling. This 
can be done by means 
of what are known as 
Clutches. These often 
consist of merely a pair 
of circular boxes, with 
corresponding projec- 
■ tions cast upon their 
adjacent faces. These 

are placed upon the shafting at the point of junction between 
two of its lengths, and are so arranged that one can be slid 
either into or out of contact with the other. The shock with 
which the revolving box engages with that which is at rest 
constitutes the chief objection to them, and this is com., 
pleteiy obviated by the forms represented in Figs. aoS and 
209. In the first of these, the Cone Clvtck, the connection 
is established by pressing one half, which has an external 
conical surface, into the other, which is hollowed and coned 




aS.— Cone Clutch. 
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internally, the friction between these surfaces being sufficient 
to cause them to revolve together. In this there is a slight 
waste of power, on account of the friction of the collar which ■ 
runs in the groove G, by which, through the medium of s, 
lever attached to it, the sliding cone is continually being 
pressed into the hollow whilst the clutch is in action. 

Weston's Friction Clutch is of more recent introduction, 
and is said to possess great advantages. The surfaces from 
which the friction is obtained 
are much larger in area, being 
afforded by the flat sides of a 
series of discs, which are made 
alternately of iron and elm- 
wood. In the section of this 
Clutch, Fig. 209, the latter 
are marked a, and revolve with 

Wejton's Friction Quteh (ft), '^^ shaft A, whilst the formcT 

are marked b, and axe keyed 

to the shaft B. As here arranged, the clutch is kept always 

"in gear by a series of spiral springs, which are drawn back, 

when the connection is to be broken, by a lever acting upon 

I the collar c. 

I The points in the main shafting at which clutches can be 

[ most advantageously introduced, and by consequence the' 

I extent to which the wear and tear, and the absorption of 

[ power in such portions as would otherwise be ' running 

' idle,' may be saved — for no system of transmitting powCT 

with which we are acquainted is entirely free from leakage — 

[ must depend upon the general arrangement of the workshop 

[ and the disposition of the tools which it contains. Forthese^ 

however, no absolute rules can be laid down, since each 

case must in great measure be governed by its own special 

requirements. To give to the subject the best possible 

. attention in the first instance, will be found in the long 

run to be the oiJy course which is consistent with true 

economy. 
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